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PREFACE. 


The  main  features  of  the  range  problem  have  been  reduced  to  two: 
The  carrying  capacity  of  the  range,  and  the  best  methods  of  managing 
the'i-ange  so  as  to  secure  the  largest  amount  of  feed  from  it  without 
permanent  injury  to  the  food  plants  that  furnish  the  covering  of  the 
soil.  The  principles  of  management  may  })e  reduced  to  the  following: 
A  proper  control  of  the  amount  of  stock  upon  a  given  range  and  the 
time  of  the  year  at  which  they  are  allowed  upon  the  various  subdivisions 
of  it;  the  protection  of  such  native  plants  as  are  of  value,  and,  par- 
ticularly, the  saving  of  seeds  of  such  plants  and  scattering  them  upon 
the  range;  lastly,  the  introduction  upon  the  range  of  such  new  forage 
plants  as  experience  has  shown  can  be  thus  introduced. 

A  knowledge  of  the  carrying  capa(!ity  of  the  ranges  is  of  the  utmost 
importance,  for  it  must  form  the  basis  of  any  intelligent  legislation 
relating  to  the  range  question.  This  knowledge  determines  the  rental 
and  sale  value  of  range  lands  and  should  also  determine  the  size  of  the 
minimum  lease  or  homestead  for  range  purposes  in  case  laws  are  passed 
providing  for  such  disposal  of  the  public  ranges. 

The  present  report  includes  a  general  study  of  range  problems  in 
southern  Arizona,  but  is  devoted  more  particularly  to  the  investiga- 
tions conducted  in  cooperation  between  the  United  States  Department 
of  Agriculture  and  the  Arizona  Experiment  Station  on  two  tracts  of 
land  situated  on  the  Santa  Rita  Forest  Reserve  in  the  Territory  of 
Arizona.  The  work  upon  one  of  these  tracts,  consisting  of  a  fenced 
area  of  58  square  miles,  has  been  conducted  under  the  immediate  super- 
vision of  Dr.  David  Griffiths,  of  this  Office.  The  work  upon  the  other 
area,  which  is  also  fenced  and  consists  of  some  240  acres  of  land,  has 
been  conducted  under  the  ^supervision  of  Prof.  K.  11.  Forbes,  Director 
of  the  Arizona  Experiment  Station,  by  Prof.  J.  J.  Thornbur  of  that 
station,  since  August,  1901.  Previous  to  that  time  Doctor  Griffiths 
was  a  member  of  the  station  staff  at  Tucson,  and  conducted  the  work 
on  the  small  tract  also.  Once  each  year  the  Department  has  furnished 
the  Arizona  Experiment  Station  with  a  report  of  the  work  done  by 
its  officers  upon  the  large  tract,  while  the  officers  of  the  station  have 
furnished  to  the  Department  a  similar  report  of  the  work  on  the  small 
tract.     Particular  attention  is  ciilled  to  the  studv  of  the  amount  of 
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vegetation  produced  upon  the  large  tract  since  it  was  fenced  nearly 
two  yoars  ago.  It  will  be  noted  that  deductions  concerning  the  car- 
rying capacity  of  this  range  made  from,  this  study  agree  in  a  most 
satisfactory  manner  with  actual  practice.  It  is  proposed  in  the  near 
future  to  determine  by  actual  trial  the  amount  of  stock  this  fenced 
area  will  carry  without  deteriorating. 

Acknowledgments  are  due  to  Mr.  Howell  Jones,  of  the  Santa  Fe 
railway  system,  for  much  assistance  in  prosecuting  the  investigations 
reported  in  this  bulletin. 

W.  J.  Spillman,  Agroatologtst, 

Office  of  Grass  and  Forage  Plant  Investigations, 

Washiy^gton,  J).  C,^  June 29^  190J^ 
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INTRODUCTION. 

The  discussions  of  the  following  pages  are  based  upon  experimental 
work  and  observations  made  in  the  Territory  of  Arizona  between  the 
months  of  August,  1900,  and  November,  1903,  in  cooperation  with  the 
Arizona  Experiment  Station.  The  experimental  work  thus  far  has 
been  conducted  upon  the  small  inelosure  near  Tucson,  a  discussion  of 
which  was  the  main  feature  of  Bulletin  4  of  this  series.  Such  data 
regarding  this  work  as  were  not  included  in  that  publication  are  dis- 
cussed hoi-e.  The  Opportunities  of  the  writer  for  observation  of  the 
conditions  obtaining  throughout  the  main  grazing  areas  have  been  very 
good,  especially  during  a  residence  of  an  academic  year  at  Tucson  in 
1900-1901  and  during  the  spring,  summer,  and  autumn  of  1908. 

Resides  visiting  the  region  within  60  miles  of  Tucson  at  all  seasons 
of  the  year,  the  following  list  of  trips  over  the  different  portions  of 
the  range  country  is  appended  for  the  purpose  of  fixing  more  definitely 
the  time  at  which  these  observations  were  made,  as  well  as  to  make 
the  data  accompanying  the  rather  large  collections  of  forage  and  other 
plants  secured  upon  these  several  journeys  and  afterwards  deposited 
in  various  herbaria  more  complete: 

October  6  to  19,  1900.  Tucson  to  Wilcox  via  Benson,  and  return  via  Pearce  an<l 
Toinl)8tone. 

December  6  to  23,  1900.  Maricopa  to  Teini>e,  and  return  t^)  Picaoho  via  Me^a  and 
Florence. 

March  17  to  22,  1903.  Tucson  to  Laosa  via  Sopori  and  Arivaca,  and  return  via 
Babuquivari  Mountains  and  Roble?. 

March  24  to  30,  1903.  Tucson  to  Dudleyville  via  Willow  Spring  Mountains,  and 
return  via  San  Pedro  and  across  the  Rincou  Mountains  to  Tanque  Verde. 

April  7  to  15,  1903.  Tucson  to  Nogales,  and  return  to  Phoenix  via  Arivaca,  Coyote, 
^^ta  Rosa,  and  Casagrande. 

May  15  to  18,  1903.     Williams  to  Bright  Angel  and  return. 

Jane  29  to  July  8,  1903.     Huachuca  Mountains  to  Cannanea,  Sonora,  Mexico. 

July  16  to  17,  1903.    Prescott  to  Mayer. 

Jnly  18  to  19,  1903.     Ash  Fork  and  Williams. 

Jaly  20  to  23,  1903.     Flagstaff  and  south  to  Mogollon  Mountains. 

July  25  to  26,  1903.     Winslow  and  Holbrook. 

August  8  to  17,  1903.     Adamana  to  Fort  Apache  via  Long  H  ranch  and  St.  Johns, 
wtoming  via  Showlow. 
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September  12  to  22,  1903.     Adamana  to  Chin  Lee,  and  return  via  Navajo. 
September  24  to  25,  1903.     Presv^tt  to  Mayer. 

October  6  to  11,  1903.  Tucson  to  Patagonia  via  Greaterville  and  Cottonwood,  and 
return  via  Sopori,  Arivaca,  Babuquivari  Mountains,  and  Robles. 

This  rather  formal  list  takes  no  cognizance  of  the  work  done  between 
trains  and  on  short  stops  at  various  places  along  the  lines  of  railroad^ 
especially  on  the  main  line  of  the  Santa  Fe  system,  the  Santa  Fe,  Pres- 
cott  and  Phoenix,  and  the  Santa  Fe,  Prescott  and  Eastern  I'ailways, 
between  Needles  and  Gallup  and  between  Phoenix  and  Ash  Fork. 

Arizona  has  a  total  area  of  72,332,800  acres,  of  which  only  254,521 
acres  are  improved;  but  there  are  reserved  19,724,717  acres,  accord- 
ing to  Governor  Brodie's  report  tx)  the  Secretary  of  the  Interior  in 
1902.  A  part  of  this  reserve  land  is  available  for  grazing  purposes 
under  certain  restrictions,  grazing  being  allowed  upon  all  the  forest 
reserves  excepting  the  Grand  Canyon,  and  of  course  the  Indians  raise 
a  great  deal  of  stock  upon  their  reservations.  Taking  everything  into 
consideration,  there  are  probably  upward  of  (>5, 000,000  acres  available 
for  stock  raising. 

According  to  the  Twelfth  Census  (1900),  there  were  in  the  Territory 
1,033,634  units  of  stock,  sheep  and  goats  being  calculated  at  the  rate 
of  6  to  1  bovine  animal  in  relation  to  pasture  consumption.  Unfor- 
tunately no  distinction  was  made  in  these  Census  reports  between 
range  and  farm  stock,  so  that  it  is  impossible  to  determine  from  the 
lists  the  number  of  stock  supported  on  native  pastures.  All  that  can 
be  said  is  that  there  was  in  the  Territory  in  1900  one  animal  unit  to 
approximately  every  65  acres  of  land  available  for  stock  purposes. 
This  includes  farm  animals  as  well  as  range  stock.  It  is  interesting 
to  compare  these  figures  with  those  given  by  Mr.  C.  W.  Gordon  in 
the  statistics  of  the  Tenth  Census.  Here  Mr.  Gordon,  who  made  an 
elaborate  report  upon  the  conditions,  as  well  as  the  number  of  animals, 
estimated  that  in  1880  there  were  229.062  units  of  stock,  occupying 
43,750  square  miles  of  range  lands,  or  1  unit  to  122.24  acres. 

THE  SMALL  INGLOSTTIIE. 

A  full  description  of  the  small  inclosure  was  given  in  Bulletin  No.  4 
of  this  series,  after  the  tirst  planting  was  made  in  the  winter  of  1901. 
It  will  not  be  necessary,  therefore,  to  enter  into  the  details  of  the 
work  on  this  area  anv  further  than  to  discuss  brieflv  the  results  which 
have  })een  s(»cured  by  the  experiments  which  were  suggested  at  that 
time,  and  which  have  been  carried  on  since  with  such  moditications  and 
changes  as  further  light  and  experience  have  shown  to  be  necessary. 

As  stated  in  Bulletin  No.  4,  some  sixty  species  of  forage  plants 
were  sown,  the  work  being  begun  on  the  10th  and  tinished  on  the  23d 
of  January,  1901.  These  plants  were  given  various  forms  of  treat- 
ment, the  seed  of  some  being  covered  by  a  disk  harrow  and  of  others 
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by  a  smoothing  harrow;  in  some  cases  the  ground  was  harrowed  or 
disked  before  planting,  and  in  others  the  seed  was  sown  on  the  iincul- 
tivated  mesa.  Besides  the  seed  sown,  Llppla  repens^  recommended  as 
a  soil  binder  for  arid  situations,  was  planted  on  one  of  the  embank- 
ments. This  plant  is  still  living  and  has  covered  the  spaces  between 
the  hills  in  a  few  places;  but  it  can  hardly  be  considered  promising 
for  situations  which  do  not  receive  more  rainfall  than  these  mesas. 
Plantings  of  this  species  subsequently  made  have  failed  entirely. 

The  vast  majority  of  the  plantings  of  gmsses  made  the  first  year 
were  a  failure  from  the  start;  that  is,  the  seed  did  not  germinate  at 
all.  There  were  some  good  rains  following  closely  upon  the  comple- 
tion of  the  seeding,  furnishing  ideal  conditions  for  the  germination  of 
such  grasses  and  other  forage  plants  as  are  adapted  to  the  prevailing 
conditions  at  that  season.  The  following  are  the  mean  temperatures 
for  the  early  months  of  1901  at  the  university,  5  miles  distant:  Janu- 
ary, 51^  F.;  February,  52^  F.;  March,  55.6'^  F.;  April,  61.7^  F. 

As  will  l>e  seen  from  an  examination  of  the  lists  published  in  Bul- 
letin No.  4:  of  the  Bureau  of  Plant  Industry,  some  of  the  seed  planted 
was  from  the  Northwestern  States,  but  thil  greater  part  of  it  was 
native  seed  gathered  the  previous  autunm.     A  considerable  quantity 
which  might  be  considered  native  was  nevertheless  from  a  very  differ- 
ent situation  from  that  in  which  it  was  planted  upon  the  mesas  sur- 
rounding Tucson.     As  examples  may  be  mentioned  the  seed  secured 
in  Sulphur  Spring  Valley.  Arizona,  and  in  Silver  City,  N.  Mex.,  all  of 
which  grew  at  high  elevations.     A  comparison  of  the  northern  and 
southern  seed  during  the  two  following  months  was  very  interesting 
indeed.     It  was  the  seed  from  the  northwest  which  gave  promise  of 
success  during  Februar}^  and  early  March.     Several  species  from  the 
north  germinated  remarkably  well,  while  the  vast  majority  of   the 
native  species  did  nothing,  as  was  to  be  expected,  for  they  make  their 
growth  during  the  hot,  moist  weather  from  fluly  to  September.     To 
this   general   rule,   however,   there   were   some   marked   exceptions. 
IioHft'J(Ht(t  oligofitachya^  for  instance,  germinated  well  and  tliere  was  a 
good  stiind  of  it  on  plots  43  and  i\\)  in  March.      Upon  these  plots  native 
seed  was  sown,  but  it  was  secured  from  an  altitude  of  about  5,000  feet. 
Seed  of  this  s|)ecies  received  from  the  north  did  not  germinate,  pos- 
sibly owing  to  its  being  old  or  poorly  matured.     Many  of  the  nati\(» 
species  which  did  nothing  upon  the  range  germinated  in  the  grass 
garden  a  few  days  later  in   the  season,  as  discussed  in  the  text  and 
tables  given   below.     Rescue  grass  (Bromm    unioloHhs)    purchased 
from  seedsmen  and  of  unknown  origin  germinated  well  enough  to 
make  a  good  stand  had  it  been  able  to  combat  the  drought  of  spring 
and  earlv  summer.     It  w^ould  have  succeeded  much  better,  no  doubt, 
if  it  had  been  planted  in  early  autumn. 
The  following  tabular  statement  in  connection  with  Bulletin  No.  4 
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will  serve  to  emphasize  the  fact  that  it  was  the  northern-grown  seed 
which  germinated  to  best  advantage  upon  the  range  plots  during  the 
cool  weather  of  spring: 

Record  of  germination  upon  range  plotSf  spring  of  1901. 


Name  of  plant. 

AgropyroD  spicatum 

Agropyron  occidentale 

A  triplex  canescens 

A  triplex  halimoiden 

Atriplex  semibaccata 

Bouteloua  oUgostachya 

Elymns  canadensis 

Elymus  ambiguus  ? 

ElymiLs  eoudensatiLM 

Elymu8  virglnicuR  submuti- 

ciis. 

Agropyron  tenenim 

Agropyron  spicatum 

Bromus  polyanthus  panicula- 

tua. 
Phleum  aHperum 


Number 
of  plot  .a 


6 

7  and  68 

33 

40 

•  43 

43  and  69 

61 

63 

64 

65 

66 
67 

74 

75 


Origin  of  the  seed. 


Date  of 

germina 

tion. 


I 


Walla  Walla,  Wash Feb. 

do ' do 


Tucson,  Ariz 

California 

do 

Cochi.Ke,  Ariz 

i  Silver  City,  N.  Mex 
'  Walla  Walla,  Wash 

Washington 

Walla  Walla,  Wash 


do 

do 

Silver  City,  N,  Mex 

Walla  Walla,  Wash 


Mar. 

Mar. 
Feb. 
Mar. 

do.. 

Feb.  21 

Mar.    H 

....do .. 


— do... 
Feb.  9 
Mar.    8 

do... 


Condition. 

Go(kI  stand. 
Thin  stand. 
0<x>d  stand. 
Very  thin  stand. 
Good  stand. 

IH>. 
Thin  stand. 
Very  thin  stand. 
Thin  stand. 
Very  thin  .stand. 

Thin  stand. 

Good  stand. 

Do. 

-Do. 


n  For  information  as  to  the  location  of  the  plots  and  methods  of  culture,  see  Bui.  No.  4,  Bureau  of 
Plant  Industry,  1901. 

Shortly  after  completing  the  seeding  on  the  range  plots,  a  small 
grass  garden  was  established  on  the  university  campus  in  rather  a  pro- 
tected place  behind  the  main  building.  This  was  designed  for  purely 
scientific  study,  but  it  served  nevertheless  as  a  \%vy  instructiv^e  check 
upon  the  vspecies  planted  on  the  range.  The  planting  was  done  here 
on  the  13th  and  14th  of  February  and  the  plots  were  irrigated  by 
well  water  when  they  needed  it.  The  saltbushes  were  planted  in  a 
plot  by  themselves  at  some  distance  from  the  building,  and  coose- 
quenth-  in  a  more  exposed  place. 

The  following  tabular  statement  lists  all  the  plants  sown  upon  the 
range  which  germinated  under  irrigation  and  did  not  do  so  under  the 
natural  mesa  conditions.  The  two  tables,  therefore,  include  all  species, 
the  seed  of  which  was  of  known  origin,  planted  on  the  mesa,  which 
germinated  in  the  spring;  but  the  last  table  does  not  give  a  complete 
record  of  the  grass-garden  germinations,  for  there  were  many  things 
planted  in  the  grass  garden  that  were  not  at  hand  in  sufficient  quan- 
tity to  be  sown  upon  the  mesa: 
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Record  of  gerimnalion  upon  irrigated  fframi  garden,  spring  nf  1901, 


Name. 


Spombolus  cryplandnis . . 

Sporobolas  wrightii 

Chloris  elegans 

Muhlenberiria  gracilis 

Hilaria  c<»nc'hroide< 

Poft  fendleriana 

Phaseolus  retusus , 

ADdropognn  saccharoides , 

Boateloua  rothrockii  ^ 

Atriplex  lentiformis 

Atriplex  polycarpa 


Number     Jit}^,?i\ 


Source  of  seed. 


Condition. 


6 
7 
11 
13 
17 
31 
38 
89 
40 
62 
69 


Nov.  15 


7     Mar.    4 


Tucson,  Ariz Thin  stand. 


»•) 


Mnr 
Mar.  15 
Mar.  22 
Mar. 
Apr. 
Mar.  15 
....do .., 


...do (jood  stand. 

Mar.  22    do Very  thin  stand. 

Mar.    4     Cochise,  .Vri/ Thin  stand. 

New  Mexico Very  thin  stand. 

Silver  City,  N.  Mex (i<Mid  stand. 

New  Mexico Do. 

Cochise,  Ariz Thin  stand. 

do Very  thin  stand. 

Tempe,Ariz i  Thin  stand. 

do Do. 


6 
13 


aXhese  are  numbers  of  plots  in  the  grass  garden  and  have  no  reference  to  previously  published 
numbers. 

^This  was  incorrectly  called  B.polyslachya  in  Bui.  No.  (  of  the  Bureau  of  Plant  Industry  in  referring 
to  plots  26, 31,  and  70.    Throughout  that  publication  these  two  species  were  not  segregated. 

By  the  middle  of  May  there  was  nothing  which  had  been  planted 
upon  the  range  plots  alive,  except  a  little  Lippla  rejxiix^  which  had 
been  placed  upon  one  of  the  embankments  thrown  up  across  an  old 
roadway,  and  a  few  scattered  plants  of  shad  scale  {Atnple.v  cajiescenH) 
on  area  F.  Everything  else  had  succumbed  to  the  drought  which 
inv^ariably  prevails  in  this  region  from  March  to  June. 

During  the  rainy  season  of  the  following  August  several  plants 
which  were  sown  in  the  winter  germinated  and  made  some  growth. 
The  most  conspicuous  of  these  was  Metcalfe's  bean  {PhuseohM  reiuHUH)^ 
which  germinated  and  grew  beautifully  through  August,  but  died  out 
completely  by  the  middle  of  September.  Andropogon  saccharoides  and 
Chlorts  tlegans  made  a  very  small  growth,  but  nothing  commensurate 
with  the  quantity  of  seed  sown  and  the  labor  involved. 

During  the  autumn  of-1903  there  was  nothing  to  show  for  the  plant- 
ings of  1901  except  a  few  stray  plants  of  Andropogon  snccfmroldes  in 
the  southeastern  corner  of  the  field,  a  similar  growth  of  shad  scale  on 
portions  of  area  F,  and  a  .small  strip  of  Lippla  repens  on  one  of  the 
embankments.     None  of  these,  however,  gave  promise  of  success. 

In  June,  1901,  the  writer  discontinued  his  connection  with  the  Ari- 
zona Experiment  Station  to  accept  his  present  position  in  the  United 
States  Department  of  Agriculture.  The  work  upon  the  small  tract 
was  placed  under  the  immediate  supervision  of  Prof.  ,1.  J.  Thornbur, 
of  that  .station.  During  the  summer  of  1002  coopiM'ative  arrange- 
ments were  entered  into  by  the  Department  of  Agriculture  and  the 
Arizona  station  whereby  the  investigations  on  the  small  tract  were  to 
be  continued  and  those  upon  the  large  tract,  discussed  later,  were  to 
be  instituted.  Since  that  time  Professor  Thornbur  has  had  charge  of 
the  work  upon  the  small  tract  and  the  writer  that  upon  the  large  tract. 
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The  following  paragraphs  relating  to  the  work  upon  the  small  tract 
are  based  upon  data  obtained  from  reports  furnished  this  office  by 
Professor  Thornbur. 

Since  the  winter  of  1900-1901  considerable  work  has  been  performed 
on  this  area  in  an  attempt  to  conserve  storm  waters  by  the  erection  of 
embankments  and  by  the  introduction  of  forage  plants  which  will 
thrive  under  the  advantages  afforded  by  the  dams.  It  is  believed  that 
the  perennial  plants  which  have  been  sown  thus  far  can  not  be  success- 
fully established  upon  these  mesas  without  careful  attention  to  the  soil 
and  conservation  of  the  waters,  both  of  which  entail  considerable 
expense. 

The  dams  built  were  thrown  up  across  the  water  courses  as  in  the 
winter  of  1901,  but  their  forms  have  been  slightly  changed  be<»use  it 
was  found  that  the  diversion  of  the  water  did  not  suffice  to  spread  it 
out  very  much  nor  to  check  its  flow  sufficiently  to  allow  it'to  penetrate 
the  ground  as  much  as  necessary.  This  is  especially  true  with  refer- 
ence to  the  summer  rains.  The  precipitation  during  the  winter  months, 
although  causing  considerable  run-off,  is  much  more  gentle  and  pene- 
trat<^s  the  ground  more  readily. 

The  work  done  thus  far  seems  to  indicate  that  the  most  efficient  dam 
for  a  gentl}'  sloping  mesa  is  one  which  is  so  constiTicted  that  it  will  spill 
around  the  ends  when  the  water  has  reached  a  height  of  not  more  than  12 
inches.  This  requirement  demands  that  the  dam  be  constructed  nearly 
on  contour  lines,"  except  at  the  ends,  which  are  turned  so  as  to  retain 
water  up  to  the  desired  depth  and  spread  it  over  as  much  ground  as 
possible.  Besides  the  two  dams  mentioned  in  Bulletin  No.  4,  seven 
additional  ones  were  built  in  January,  1902.  These  vary  in  length 
from  270  to  600  feet  and  in  height  from  12  to  24  inches,  and  are  built 
at  an  average  cost  of  a  little  more  than  $13. 

In  January,  1902,  some  seeding  was  done,  but  only  in  favored  places, 
mostly  above  the  embankments.  Fewer  species  were  planted  than  the 
previous  year,  and  only  two  made  any  growth  at  all.  Egyptian  clover 
{TrifollfUH  ah'.r(indruiun})  and  Panicum  te,ranum  were  sown  in  the 
same  dam,  the  first  in  the  lower  situation.  The  Egyptian  clover  ger- 
minated l)eautifully  early  in  August,  but  all  died  in  a  very  short  time. 
Pan!cnni  ttwanttm  produced  only  a  few  plants,  which  made  no  seed. 

Besides  the  above,  seeds  of  the  following  species  were  planted: 
Ililaria  mutica^  Boutehma  rothrockii^  Atrtplex  coronata^  A,  elegaus^ 
A,  7U(ttaUii^  A,  cayufHceufi^  A,  hracteosa^  A.  polycarpa^  A,  nunirmdaria^ 
A,  haHmoides^  A,  leptocarpa^  A,  Hendhaccata^  A,  eremicola^  Rhagodia 
ui(Tmf\  and  B.  liiii folia.  No  seedlings  of  any  of  these  species  were 
observed. 

During  the  last  week  in  June,  1903,  a  third  seeding  was  done.  As 
in  the  second  operation,  the  seed  was  sown  in  the  vicinity  of  the  dams 

«Thi8  form  of  dam  was  firet  suggestecl  by  Prof.  S.  M.  Woodward. 
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and  the  ground  was  prepared  to  receive  it.  In  some  cases,  however, 
seed  was  sown  below  the  dams,  as  well  as  above  them.  The  following 
species  were  planted:  Panicum  teu^anum^  Andropogcrfi  saccharoidea^ 
Bouteloua  curtijyendula,^  B,  rothrockii^  B.  oligostacliya^  B.  hirsuta^ 
B,  arisiiiioides^  Eriochloa  punctata^  Sporoholus  xtyrujlitii^  S,  stricta^ 
S.  crypta^idrxis^  Phaseolus retusibSy  Astragalus  mittalllanim^  ChaitocJdoa 
Ci)m])osita^  Pappophorum  aperi/ma^  Chloris  elegans^  Elym  us  glahrifolius^ 
jEpicampes  rigens^  and  Leptochloa  d/ubia. 

In  all  cases  the  seed  was  sown  very  thick.  Had  all  grown,  the 
plants  would  have  been  entirely  too  numerous  upon  the  ground.  In 
many  cases  four  times  as  much  seed  was  sown  as  would  produce  a 
good  stand  if  it  all  grew.  Experience  has  shown  that  a  good  deal  of 
the  native  seed  is  of  very  low  germinating  quality,  and  must  often  be 
sown  excessively  thick  in  order  to  even  approximate  a  stand. 

Many  of  the  seeds  of  plants  sown  this  time  made  considerable  growth, 
but  only  in  two  or  three  cases  was  there  anything  like  a  stand  secured. 
AndrojMjgon  sm^charoides^  Boutehma  curtipendula^  7?.  oligoHtachya^  B, 
hirftnta^  and  Leptocldoa  duhia  all  made  thin  stands.  Bouteloua  roth- 
rochii  made  a  scattering  growth  in  one  situation  and  quite  a  fair  stand 
in  another,  but  nowhere  was  there  a  better  stand  where  it  was  sown 
than  on  favorable  situations  upon  the  uncultivated  and  undisturbed 
mesa  in  the  immediate  vicinity.  The  best  stands  and  the  best  growth 
were  secured  with  Panicum  texanum  and  Chhrris  elegans.  The  former 
was  especially  good  in  places,  but  very  uneven  on  account  of  having 
been  sown  partially  in  the  depressions  in  the  dams  where  the  surface 
soil  had  been  removed  for  the  construction  of  the  embankments  and 
partially  upon  ordinary  weathered  soil.  The  lower  depressions  doubt- 
less held  water  a  little  too  long  after  the  summer  rains  for  the  best 
development  of  the  grass.  In  one  of  the  dams  there  was  considerably 
less  than  one-half  acre  which  would  cut  at  the  rate  of  1  ton  of  dry 
feed  per  acre.  There  was  about  a  quarter  of  an  acre  of  Chloris  elegans 
in  one  of  the  dams  which  would  yield  at  the  rate  of  one-fourth  ton  of 
drj'  feed  per  acre.  Panicum  texanum  has  yielded  by  far  the  most 
promising  results  of  anything  tried  thus  far.  It  is  an  annual,  how- 
ever, and  can  not  be  used  except  in  some  such  way  as  the  common  cul- 
tivated millets.  There  is  little  doubt  that  this  grass  is  capable  of  con- 
siderable application  in  forage-plant  culture  in  this  region.  If  the 
seed  could  be  secured  at  reasonable  prices  it  might  be  sown  upon 
barley  fields  for  the  production  of  summer  and  fall  grazing  and  possi- 
bly for  a  small  crop  of  hay  in  October.  It  matured  this  year  in  about 
ninety  daj^s  after  being  sown. 

The  behavior  of  some  of  the  native  grasses  was  very  interesting 
this  year,  especially  when  considered  from  the  standpoint  of  seed 
habits.  Usually  perennial  grasses  do  not  mature  much  seed  the 
year  they  are  planted.  The  case  is  very  different  with  species  from 
this  region.     Some  of  them,  although  distinctly  perennial  in  habit, 
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mature  seed  in  abundance  in  three  months  after  being  sown.  This 
was  especiall}'^  the  case  with  Andropogon  saccluiroides^  Boutdoua 
hirsxtta^  and  B,  oUgostachya^  and  less  conspicuously  true  of  B. 
curtlpendula.  Bauteloua  rothrockil  and  Leptochloa  dvhia  produced 
mature  heads  from  practically  every  plant  which  grew.  Bouteloua 
rothrochii  produced  fine,  large  bunches,  with  an  abundance  of  mature 
seed.  Jt  should  be  noted  that  the  latter  is  but  a  short-lived  perennial 
at  best.  It  is  therefore  not  so  surprising  that  it  should  produce  an 
abundance  of  seed  the  first  season.  Trichlorh  famlculuUi  often  pro- 
duces two  crops  of  seed — one  in  May  and  the  other  in  September- — in 
neglected  spots  and  fence  corners  in  the  Salt  River  Valley. 

THE  liARGE  INCIiOSXJBE. 

During  the  spring  of  1JM)3  ari-angements  were  made  for  enlarging 
the  work  begun  upon  the  mesas  near  Tucson  in  1900.  Permission 
having  been  granted  by  the  Departnient  of  the  Interior,  an  irregular 
tract  of  land  upon  the  Santa  Kita  Forest  Reserve,  containing  49. 2  square 
miles,  or  31,488  acres,  in  the  four  townships  Nos.  18  and  19,  in  ranges 
14  and  15  east,  Gila  mid  Salt  River  meridian,  was  inclosed  b}^  a  four- 
wire  fence,  completed  earW  in  June  (fig.  1).  Practically  all  stock  was 
excluded  from  the  tract  by  the  10th  of  June.  This  area  diffei*s  ver^- 
materiall}'  from  the  desert  mesas  upon  which  the  small  inclosure  is 
situated,  as  will  be  seen  from  the  descriptions  given  below.  Much  of 
it  is  situated  within  the  altitude  where  perennial  gnisses  are  produced, 
and  it  is  therefore  capable  of  sustaining  nmch  more  stock  tnan  the 
small  inclosure  upon  the  mesa. 

TOPOGRAPHY. 

The  portion  of  the  Santa  Rita  Forest  Reserve  which,  after  a  prelimi- 
narv  survov,  it  was  decided  to  fence  is  located  in  the  northern  foot- 
hills  of  the  Santa  Rita  Mountains.  It  has  a  general  northwesterly 
slope  toward  the  Santa  Cruz  River  (PI.  Ill,  iig.  2).  All  of  the  region 
is  well  drained  and  there  is  consequently  no  acciunulation  of  alkali  at 
any  point.  Considerable  quantities  of  water  flow  over  portions  of  the 
area  at  certain  seasons  of  the  3'ear.  The  presence  of  Atnplex  canesceiis 
in  the  northwestern  portion  does  not  necessarily  indicate  that  there  are 
accumulations  of  soluble  salts  in  the  soil  at  this  point. 

The  field,  as  a  whole,  contains  typical  foothill  pasture  lands  of  the 
region  at  this  altitude.  Along  the  eastern  side  there  are  rocky,  steep 
bluffs  rising  500  to  800  feet  above  the  general  level  of  the  area.  To 
the  west  and  south  of  this  point  there  are  gently  sloping  areas  free 
from  brush.  On  the  west  half  of  the  north  side  there  occurs  a  con- 
siderable area  of  'Svashed  coiuitrv,"  while  the  east  half  of  this  side  is 
a  typical  arid,  creosote- bush  area  where  no  grass  of  any  consequence 
ever  grows.     None  of  the  higher  mounhiin  areas  has  been  included  on 
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account  of  the  difficulty  and  expense  of  fencing.  Neither  are  any 
bottom  lands  included,  for  none  of  the  typical  river  bottoms  lies  within 
the  reserve.  The  bluffs  spoken  of  above,  however,  answer  very  well 
for  the  mountain  area,  for  they  have  upon  them  some  of  the  more 
valuable  mountain  grasses;  })ut  they  possess  the  disadvantage  of  not 
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Flo.  L — Diagrmm  of  the  large  inclosure  in  the  northern  foothills  of  the  Stintji  Rita  Xountalnfl. 


getting  the  rainfall  of  the  higher  mountains.  It  is  to  be  regretted 
that  no  bottom  land  could  have  been  fenced;  but  after  all,  in  some 
respects,  this  would  not  be  very  much  of  an  advantage,  because  the 
vacant  river  bottom  lands  in  this  vicinity  are  not,  as  a  rule,  productive, 
and  do  not  figure  at  all  conspicuously  in  the  range  feed  supply. 
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The  entire  tract  is  more  or  less  cut  up  by  arroyos.  These  are 
usually  steep,  rugged,  and  rocky  close  to  the  mountains,  but  become 
wider  and  more  shallow  northward.  The  water  which  they  carry 
during  flood  time  is  consequently  spread  over  larger  areas  on  the  north 
side  of  the  field.  The  surface  water  which  goes  down  to  the  north 
side,  however,  is  small  in  quantity  and  of  short  duration,  but  the  sands 
of  the  arroyos  carry  an  underground  supply  of  water  for  several  days 
after  a  rain.  This  supply  of  moisture  to  the  shrubby  vegetation  is 
very  considerable  along  these  temporary  water  courses,  but  the  areas 
between  them  receive  only  such  moisture  as  happens  to  fall  at  those 
points.     During  the  violent  summer  showers  much  of  this  runs  off. 

As  stated  above,  the  southern  portion  of  the  area  is  a  comparatively 
open  region,  being  cut  by  frequent  arroyos,  as  indicated  on  fig.  1 
between  points  L  and  G.  The  largest  of  these  is  the  one  which  runs 
close  to  Proctor.  At  this  point  it  is  from  150  to  200  feet  deep  and  800 
feet  wide  from  bank  to  bank.  Here  the  bottom  of  the  arrovo  is  on 
solid  rock,  which  accounts  for  the  appearance  of  water  at  the  surface. 
In  general,  however,  it,  like  the  others,  is  of  coarse  sand  and  like  them 
widens  out  to  the  northward,  its  banks  becoming  lower  and  less  rocky. 
Between  the  points  L  and  B  on  fig.  1  on  the  fence  line  there  are  a 
number  of  small  steep  arroyos,  and  the  same  condition  exists  on  the 
southern  half  of  the  west  line,  but  the  latter  are  less  pronounced  than 
the  former.  All  of  the  arroyos  are  more  rocky  close  to  the  mountains, 
and  gradually  spread  out  to  the  northwest,  making  the  whole  area  a 
sloping  plain,  cut  at  frequent  intervals  by  usually  shallow  washes  to 
the  northward  and  by  deeper  arroyos  and  canj^ons  to  the  south. 
Besides  the  above  water  courses  there  are  numerous  gullies  cut  by  the 
flood  waters.  These  usually  occur  as  laterals  to  the  main  arroyos,  and 
extend  into  the  broad  gentle  slopes  which  exist  between  the  main  water 
courses.  The  condition  is  a  difficult  one  to  portray,  for  the  cuts  are 
made  b}'^  the  flood  waters,  whose  action  is  explained  only  when  con- 
sidered in  connection  with  a  surveyor's  level  and  with  the  chemical  and 
physical  conditions  of  the  soil.  One  can  drive  with  a  light  rig  over  the 
entire  field  by  picking  his  way  slowly,  but  in  many  places  he  is  obliged 
to  travel  considerable  distances  in  order  to  get  around  the  arroyos. 
This  is  especially  true  of  the  southern  half  of  the  field. 

SOIL. 

But  little  discussion  of  the  subject  of  soil  can  or  need  be  entered 
into.  In  general  it  may  be  said  that  the  soil  is  of  a  light-brown  color 
and  composed  of  very  fine  particles  intermixed  with  a  large  amount  of 
coarse  sand  and  gravel.  ,0n  the  south  side  it  is  much  looser  in  texture, 
has  more  gmvel  in  its  composition,  and  packs  less  firmly  upon  drying 
than  on  the  north  side.  On  this  account  the  sloping  areas  between 
the  arroyos  are  not  so  badly  washed,  which  condition,  together  with  a 
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more  abundant  supply  of  moisture,  accounts  for  the  more  luxuriant 
vegetation  and  evenly  distributed  gi'assy  covering.  On  the  whole  the 
soil  does  not  differ  from  that  which  obtains  throughout  the  entire 
region  in  similar  situations.  The  area  is  well  drained,  but  the  soil 
softens  very  much  more  upon  being  moistened  than  would  l>e  expected. 
It  is  true,  however,  that  it  is  very  seldom  that  the  moisture  penetrates 
to  great  depths.  In  October,  1902,  it  was  with  great  difficulty  that 
1-inch  stakes  of  redwood  or  Oregon  pine  could  be  driven  into  the 
ground  to  a  depth  of  6  inches  with  an  ax,  yet,  when  the  heavy  rains  of 
November  came,  these  fell  down  of  their  own  weight  and  could,  be 
driven  into  the  ground  their  entire  length  by  the  pressure  of  the  hand. 

When  the  fence  was  built  a  peculiar  condition  of  soil  was  observed 
along  the  middle  of  the  northern  fence  line.  The  post-hole  work  was 
purposely  done  at  a  time  when  the  ground  was  wet,  and  consequently, 
easily  dug  over  the  greater  portion  of  the  tract.  In  the  above  locality, 
however,  to  our  astonishment,  a  heavy  rainfall  had  not  penetrated 
more  than  2  or  3  inches,  although  the  soil  received  the  drainage  of  the 
entire  Box  Canyon  region.  On  the  greater  part  of  the  fence  line, 
however,  the  winter  and  spring  rains  had  |)enetrated  to  a  depth  of  2 
feet  or  more.  This  area  is  known  here  as  "washed  countrv,"  which 
simply  signifies  that  the  upper  strata  of  sandy  loam  has  bei»n  removed, 
leaving  the  very  closely  packed,  nonabsorbent  subsoil  exposed. 

Underlining  portions  of  the  ground  is  a  deposit  of  caliche,  a  calcare- 
ous hardpan,  of  variable  thickness.  All  the  arroyos,  can^'ons,  and 
washes  are  covered  with  a  clean,  coarse  sand,  while  the  steeper  areas 
are  coarse  gravel  and  rocks.  The  soil  particles  are  only  slightly 
washed,  as  would  ]>e  expected.  Prof.  W.  P.  Blake  **  considers  the 
caliche  to  be  derived  from  long-continued  evaporations  of  subterranean 
waters  raised  b}-  capillary  action. 

The  soil  of  the  general  area  is  derived  for  the  most  pirt  from  the 
disintegration  of  the  granitic  rocks  of  the  Santa  llita  Mountain 
upheaval. 

BRUSH   AND   TIMBKU. 

The  greater  part  of  the  area  is  covered  with  a  scattering  growth  of 
various  shru}>s  and  small  trees.  The  northern  and  western  portions 
contain  much  more  shrubbery  than  the  southern  and  eastern  parts.  A 
line  drawn  from  corner  L  to  corner  I,  figure  1,  represents  approxi- 
mately the  dividing  line  between  the  heavier  and  lighter  brush.  Upon 
the  southern  half  there  are  large  stretches  which  have  piuctically  no 
brush  at  all.  Along  the  washes  and  arroyos,  however,  there  are 
invariably  found  numerous  shrubs,  some  of  which  attain  to  the  dignity 
of  trees,  although  very  scraggy.     A  close  examination  of  the  broad, 

"Transat'tionp  American  Institute  of  Mining  Engineers,  Richmond  meeting,  Feb- 
rnary,  1901. 
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gentle,  grassy  slopes  between  the  arroyos  in  this  vicinity  reveals  a 
very  scattering  growth  of  mesquite  {Prmoj^ls  vc/utlna)^  which  is  in 
the  form  of  twigs  2  to  3  feet  high,  with  an  occasional  larger  shrub 
in  some  of  the  more  favorable  localities.  Without  more  critical  data 
regarding  the  previous  history  of  the  region  than  it  is  possible  to 
secure  at  the  present  time,  one  can  not  tell  whether  this  growth  indi- 
cates that  this  shrub  is  spreading  or  not.  The  present  condition 
rather  suggests  this  possibility.  It  would  not  be  at  all  surprising,  for 
there  appears  to  ])e  abundant  evidence  that  such  is  the  case  under  the 
influence  of  stock  grazing  in  portions  of  Texas,  where  a  closely  related 
mesquite  grows  in  abundance. 

By  far  the  most  important  shrub  is  the  mesquite,  which,  like  the 
majority  of  the  other  shrubs,  is  especially  at  home  from  the  line  LI, 
figure  1,  northward  and  along  the  arroyos  in  the  southern  half  of  the 
inclosure.  In  manj^  localities  in  the  southern  half  cat-claw  {Acacia 
gregfjl!)  is  nearly  as  abundant  as  the  mesquite  at  the  present  time. 
This,  however,  is  better  protected  than  the  mesquite,  and  the  wood 
choppers  have  generally  avoided  it  on  this  account.  The  other  smaller 
species  of  acacia  {A,  co7wtr!cta)  is  less  abundant,  but  is  also  confined 
to  the  arroyos.  The  blue  palo  vorde  {Parhlnmiila  torreynim)^  which 
rivals  the  mesquite  in  size,  grows  in  similar  localities.  The  desert 
willow  ( ChihpHls  Unearls)^  cotton  wood  {Pojmlwifrna(mtil)^  hackberry 
{Cdti\H  reticulata)^  soapberry  {Sapindus  mar^ghuttuH)^  and  walnut 
{Jaghim  caHfornica)  grow  s])aringly  in  some  of  the  upper  canyons. 
A  large  part  of  the  northwestern  portion  of  the  field  is  badly  infested 
with  hocfuita  cor<mo2)ifolm.  The  line  LI,  figure  1,  passes  through  a 
ver}^  conspicuous  growth  of  large  bunches  of  Zlzlp/tiis  lycioides^  which 
is  of  as  little  value  as  the  creosote  bush  {(^avlUea  tridentaia)^  which 
occupies  some  of  the  southeastern  portion  of  the  field.  The  greater 
part  of  the  latter  was  avoided,  however,  in  the  final  fencing,  a  v^vy 
large  area  being  found  inmiediately  north  of  the  eastern  portion  of 
the  inclosure.  The  upper  edges  of  it  are  included  in  the  northeastern 
portion  of  the  field  and  in  places  along  the  northern  portion  of  the 
McCleary  road  to  Tucson.  The  line  LI  also  represents  the  most  pro- 
fuse growth  of  the  Cactacea*,  the  main  species  of  which  are  prickly 
pear  {Opunita  cngdnuDuu)^  cholla  {Opuut'ia  falgUhi)^  and  Opuniia 
sintw^ior.  These,  together  with  the  sewarah  {Orreu.^  giganteus)^  are 
the  most  (conspicuous  of  the  cacti  within  the  ificlosure.  The  biznaga 
{Echliiocactiii^  mhUzen!)  occurs  in  scattei'ing  individuals  over  the 
entire  tract. 

Of  the  other  cacti  little  need  be  said.  Opaniia  arhnmxda  grows 
scatteringly  on  the  northern  portion,  while  CWeuM  fendleriana  and 
G,  greggll  are  occasionally  found  in  the  same  region.  Oh  the  rocky 
banks  and  higher  bluffs  are  numerous  other  inconspicuous  species, 
such  iis  JIa?n7n ilia ?'ia  graha?fu\  3f.  a?*ho?}i<'a,  Ccrew'<  rlgldiashrms^  and 
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C,  eaespitosys.  Upon  the  higher  elevations  there  are  scattered  plants 
of  Yucca  hdccata^  Agace  upphmutiu  and  -.1.  Hrhoitl!^  while  Yucca  radi- 
inut  is  scattered  along  the  northeastern  fence  line  in  rather  limited 
numbers.  Nblina  inicriK'arpa  and  I)aj<yI!r!on  whevhvi  are  conspicu- 
ous, especially  on  the  northern  slopes  of  the  hills,  while  thickets  of 
ocotilla  {Foutiult^a  sj}Jrndt'HH)  are  frequent  on  the  southern  slopes. 
Scattered  at  rather  frequent  intervals  all  over  the  brushy  area  are  to 
!>e  found  clumps  of  Brigham's  tea  {Ephedra  trifurca),  I^esides  these 
there  are  a  erreat  manv  other  usuallv  smaller  shrubs  scattered  over 
various  portions  of  the  inclosure,  some  of  them  of  considerable  eco- 
nomic importance.     They  will  be  discussed  under  another  head. 

The  area  contains  typical  foothills,  and  does  not  differ  materially 
from  similar  regions  in  the  foothills  of  the  Iluachuca,  Santa  Catalina, 
and  Babuquivari  mountains  in  this  same  general  region.  As  a  rule, 
there  arc  large,  gentlv  sloping,  grassy  areas  comparatively  free  from 
brush  between  the  brushy  mesas  and  the  sparsely  timbered  mountains, 
not  only  in  southern  Arizona,  but  in  New  Mexico  as  well. 

FORAGE   PLANTS. 

This  inclosed  area  contains  three  typical  and  natural  suWivisions  of 
the  grazing  lands  of  this  portion  of  the  Southwest,  and  the  cattleman 
would  look  upon  it  as  an  average  gitizing  proposition,  not  the  best, 
nor  yet  by  far  the  poorest.  The  first  sulxiivision  may  be  described  as 
an  arid  desert  mesa;  the  second,  adjoining  the  first,  may  very  properly 
be  designated  as  open,  gently  sloping  foothills,  comparativeh'  free 
from  rocks;  and  the  third,  as  rough,  rocky  l)luffs  and  arroyo  banks. 

The  arid  mesa  portion  of  the  inclosure  occupies  approximately  half 
of  the  field,  and  w^e  ma}'  accept  a  line  drawn  from  corner  L  to  corner 
1,  figure  1,  as  the  division  between  this  region  and  the  open  foothills. 
This  division  line  would  in  all  probabilit}'  be  more  accurate  if  it  were 
described  as  extending  from  L  to  a  point  about  \k  miles  north  of  I  on 
the  west  fence  line.  It  will  1x5  seen  that  th#4ipper  edge  of  the  heavy 
brush  {/wary  is  used  in  a  purel>'  relative  sense)  corresponds  roughly 
with  the  lower  edge  of  the  grassy  ^rea.  North  of  this  line  there  is 
but  little  grass,  the  main  forage  plants  being  various  desert  herbs  and 
shrubs  to  l)e  descril^ed  later.  In  a  favorable  season  there  are  areas 
of  considerable  magnitude  of  six  weeks'  grass  {lioutrhnia  arif<tidoi(h\s) 
along  the  arroyos  and  on  the  higher  levels  of  the  west  side,  as  far 
north  as  section  9,  township  18,  range  14;  and  there  is  usually  more 
or  less  Triodia  pulchellu  and  six  weeks'  grass  upon  the  rocky  ridges 
in  the  northwest  part  of  the  pasture.  These  two  grasses,  however, 
are  of  little  forage  value  here.  They  never,  so  far  as  experience  since 
1890  teaches,  occur  here  except  scatteringly.  At  timt^s  there  are  tufts 
of  such  perennial  grasses  as  Lepiocldoa  duJna^  C%(jetochloa  compouta^ 
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Andropogon  saccliavoides^  and  Bouteloua  rothrocMi^  together  with  the 
annual  Bouteloua  polystachya. 

By  far  the  g^reater  part  of  the  feed  here  is  produced  by  the  winter 
and  spring  annuals  and  the  browse  plants.  The  first  of  these  are 
mainly  Indian  wheat  (Plantago  Jhstigiata)^  Pectocarya  linearis^  Sophia 
pinnata^  S.  iiicisa^  ThelypodhirrilaMophyllum^  Monolepis  nuttalUana^ 
Phacelut  arizonica^  Ellisia  chrysanthemifolia^  Spliserostigma  charna&n- 
erioides^  and  several  species  of  Gilia  and  Linanthus.  There  are  also 
extensive  areas  "of  Atriplex  ehgans^  often  growing  to  the  exclusion  of 
all  else  and  producing  from  200  to  500  or  more  pounds  of  dry  herbage 
per  acre.  This  plant,  although  an  annual,  usually  germinates  in  the 
spring  and  matures  in  autumn,  passing  through  the  dry  season  in  the 
vegetative  state. 

The  list  of  shrubby  plants  which  occur  here  and  which  are  of  more 
or  less  forage  value  is  quite  large.  The  majority  of  them  have  been 
mentioned  under  another  heading.  The  mesquite  is  by  far  the  most 
important.  Cat-claw  {Acacia  greggii)^  A,  constricta^  Parhinsonia 
ton'eyana^  and  Eplmlra  trifurca  are  also  abundant.  Baccharis  hrachy- 
phylla^  B,  higeh)vil^  and  Anisacanthus  thurheri^  while  common  in  the 
shrubby  mesa  region,  arc  much  more  abundant  along  the  arroyos  in 
the  southern  half  of  the  field.  During  late  spring  the  annual  ground- 
sel {Scnecio  longilobu^s),  is  a  very  conspicuous  plant  upon  portions  of 
the  lower  areas,  and  purslane  {Portulaca  retusa\  forms  a  loose  cover 
in  nian}^  places  in  the  fall.  The  former  is  probably  of  no  foi^a^e  value, 
while  the  latter  furnishes  good  feed.  In  places  in  autumn  two  other 
species  of  purslane  (P.  stdllfarmiH  and  P,  pilosa)\!ive  of  some  value  on 
the  east  side  of  the  field. 

It  is  to  the  open  foothills  that  the  greatest  interest  attaches,  for  it  is 
here  that  the  perennial  grasses  become  numerous  enough  to  be  reckoned 
with  in  the  range  ration.  The  six  weeks'  grama  {Boutelmia  ariMi- 
doides)  is  by  far  the  most  abundant  grass  over  the  greater  portion  of 
this  area,  being  especially  abundant  in  the  Ziziphns  lycioideH  areas  in 
the  neighborhood  of  the  line  LI,  fig.  1.  In  the  same  locality  are  also 
to  be  found  large  quantities  of  Aristlda  americana  and  its  variety 
liumholdtiana^  the  latter  being  usually  found  surrounding  ant  hills. 
Bouteloua  rothi'ocl'ii  makes  a  tall,  thin  stand  on  the  better  portions  of 
the  gently  sloping  stretches  between  the  arroyos,  where  in  favorable 
years  it  makes  a  very  conspicuous  growth,  but  can  not  be  said  ever  to 
take  possession,  for  mixed  with  it  are  invariably  found  much  six  .veeks' 
grama  and  Aristida  americana.  Growing  in  similar  situations,  and  in 
some  seasons  covering  large  areas,  are  to  be  found  Bouteloua  hro- 
raoides^  B.  eriopoda^  and  B,  havardii^  which,  however,  are  the  main 
grasses  on  the  majorit}-  of  the  rocky  banks  and  l)lufFs  along  the  arroyos. 
In  the  latter  situations  are  also  to  be  found  Andropogon  contortus^ 
either  in  solid  patches  or  scattering  bunches,  and  Androjwgon  sacchor 
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roid^s  at  slightly  lower  levels.  Confined  mainly  to  the  loose  sands  in 
the  vicinity  of  the  washes,  but  also  at  times  extending  over  portions 
of  the  rocky  hillsides,  is  a  scattering  growth  of  Boutelouaveaiita^  while 
MuMenherffia  porteri^  the  black  grama  of  this  region,  is  invariably 
limited  to  the  protection  of  cat-claw  and  other  spiny  or  thorny  shrubs. 
The  rough  grama  {Bouteloua  hirs^tta)  is  usually  found  upon  all  of  the 
rocky  banks,  but  it  is  at  home  in  the  higher  bluffs  and  mountains 
beyond  the  inclosure.  The  same  may  be  said  of  the  side-oat  grama 
{BoiUeloua  curtlpenduld).  Growing  under  the  protection  of  bushes 
along  the  arroyos  in  this  section  is  always  to  l>e  found  more  or  less 
Pan fcum  laehnan th um. 

In  the  spring  these  open,  gi"assy  foothills  are  a  veritable  flower 
garden  of  magnificent  proportions,  so  conspicuous  in  the  neighborhood 
of  section  24,  township  18,  range  15,  as  to  be  plainly  visible  from 
Tucson,  a  distance  of  from  twenty-five  to  thirty  miles  away.  The 
poppies  {Eschsckoltzia  mexieafia)  in  this  place  develop  a  little  later 
than  upon  the  mesa  near  Tucson  or  in  the  foothills  of  the  Tucson 
Mountains.  This  is  explained  by  the  difference  in  altitude  and  expos- 
ure, and  at  times  may  be  influenced  by  variation  in  rainfall  as  well, 
although  the  rainfall  of  the  winter  is  more  evenly  distributed  than  that 
of  the  summer  seiison.  Other  plants  which  are  abundant  enough  to 
influence  the  vernal  landscape  by  their  floral  colors  are  Linanthis 
aurt*a^  Phacelia  arizmiica^  P,  crennlata^  (hthocarpus  pnrjnirmce7iH 
jHiIme7*i,  BaiL^ya  multiradiata^  Luphms  hptophylhts^  EnophyUum. 
lanomim^  and  Baerla  gracilis.  None  of  these  are  altogether  without 
forage  value,  although  the  poppies  and  one  or  two  of  the  other  species 
mentioned  are  not  eaten  when  there  are  other  plants  of  greater  palata- 
bility.  The  other  vernal  vegetation  consists  of  such  small  plants  as 
"patota''  {P^etoearya  linear U)^  Pldgiohothvys  ainzonicus^  Eremocarya 
mH-rantlui^  LotuH  hnraistTatus^  L,  hximilis^  AstragahiH  nuttall!!^  Indian 
wheat  {I^antago  fa^tigiata  and  P,  ignota)^  all  of  which  are  of  forage 
value.  To  these  should  also  be  added  covena  (Brodhra  capitata)  and 
the  mustards  {Jjesqu^ella  gordimii^  Sophia  pinnata^  S,  incim^  and 
Hielypfjiliuin  I^isiophyUum). 

The  spring  grasses  on  the  open  foothills  amount  to  little  in  the 
average  season.  The  perennials  mentioned  above,  especially  the 
gramas,  make  a  slight  growth  of  root  leaves  in  a  favorable  season,  and 
Artailda  aiiunncana  sometimes  develops  to  the  point  of  seed  produc- 
tion. Festucaoctoflo7*a  is  common  throughout  the  area,  but  it  is  never 
abundant  enough  to  make  any  feed.  Poa  higelovii  often  furnishes 
quite  a  little  grazing  around  the  bases  of  bushes  and  in  other  protected 
areas  in  the  arroyos,  where  Chxtochloa  grisehachii  is  of  some  value  in 
the  fall.  In  autumn  there  is  usually  considerable  feed  produced  ])y 
lanib's-quarters  ( Ch^^iopodiuin  fremontii). 
An  enumeration  of  the  main  forage  plants  upon  the  rougher  portion 
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of  the  inclosure  has  necessarily  been  made  in  the  previous  pai'agi'aphs. 
All  of  the  perennial  species  mentioned  above  grow  here  in  scattering 
clumps.  Besides  those  mentioned,  of  which  the  gramas  {Bouteloua 
IrromoideH^  B,  eriopoda^  B,  curtlpendula^  and  B.  hirsuta)^  Andropogon 
8accharoides  and  A.  contortus  are  the  most  important,  Muhlenbti^gia 
vaseyana^  Hilar ia  cetichroides^  Aristida  divergens^  A.  schiedeaim^  Em- 
grostis  liufens^  Cfisetochloa  composita^  Trachypogon  montufari^  I^p- 
tochloa  duhla,  Epicampes  rig  ens  ^  together  with  a  little  II il  aria  mntica 
in  a  few  places,  are  of  importance.  Panicum  lacIuMnthum.  usually 
grows  under  the  protection  of  shrubs,  as  stated  above,  but  it  some- 
times covers  considerable  areas  of  open  land,  as  shown  in  PI.  II,  fig.  2. 
In  1902  and  1903,  Pa])pophonun  apertuvi  made  a  very  conspicuous 
growth  upon  the  top  of  Pyramid  Hill,  where  it  and  Nicotiana  trigano' 
])hylla  were  the  only  conspicuous  plants. 

The  blue  grama  {Bouteloua  oligostachya)^  although  of  great  impor- 
tance on  the  opposite  side  of  the  mountains,  does  not  occur  here,  at 
least  not  in  sufficient  (|uantities  to  be  of  any  consequence.  The  same 
is  true  of  Chi  or  in  eJcgans. 

A  part  of  the  forage  upon  the  inclosure  is  produced  bv  the  Eriogo- 
nums,  which  are  not  distantlv  related  botanicallv  to  the  docks,  one  of 
which,  the  canaigre  {Runiex  hyme?iosej)aluJ<\  is  very  common  along 
all  of  the  arroyos.  The  most  important  species  is  Eriogoruun.  micro- 
tluicurn^  which  grows  to  best  advantage  on  some  of  the  rougher  foot- 
hills of  the  regions  south  and  west  of  Proctor.  It  makes  its  best 
development  here  upon  the  higher  lands  be^^ond  the  fence  line.  Many 
of  the  annual  species  are  also  grazed  by  stock,  and  E.  thurher^i^  E,  tri- 
chopodium^  E,  cernumii^  E.  ahertiamun\  and  E,  divaricatum  are  abun- 
dant enough  to  influence  the  general  aspect  of  portions  of  the  field  at 
certain  seasons  of  the  year.  Besides  the  above  species,  E,  jHflycIadon^ 
E.  tlunnasii^  E.  pliarnaceoides^  and  E,  vmUoni  {%)  vlx^  common  in  some 
localities.  Eriogonum  tricliopodium  is  so  abundant  at  times  in  the 
region  between  the  bushy  and  open  foothills  and  farther  north  as  to 
give  its  characteristic  yellow  color  to  large  areas  of  ground. 

AMOUNT   OF   FEED   rRODUCED. 

It  seems  highly  desirable  to  secure  as  accurate  an  estimate  as  pos- 
sible of  the  amoimt  of  herbaceous  feed  produced  upon  this  inclosure 
at  the  present  time.  This  is  desirable  not  only  for  an  estimate  of  the 
amount  of  stock  that  can  be  carried  upon  these  lands,  but  also  as  a 
basis  for  comparison  as  to  the  value  of  protection  and  systematic  graz- 
ing-when  observations  yhall  have  been  made  and  data  secured  upon 
such  points.  In  view  of  this  fact  an  attempt  was  made  to  secure  at  the 
most  opportune  times  during  the  two  vegetative  seasons  as  accurate 
an  estimate  as  possible  of  the  amount  of  growth  which  occurred  upon 
the  inclosure  during  the  seasons  of  1908.     The  estimate  was  secured 
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by  measuring'  the  yield  of  all  vegetation  excepting  the  nhnibs  upon 
representative  areas  carefully  selected  from  the  different  divi.sions  of 
the  tract.  The  positions  of  the  plots  measured  are  indicated  l>y  letters 
upon  the  diagram  (fig.  1).  A  to  Q  represent  those  areas  measured 
between  the  1st  and  20th  of  April,  and  A'  to  K'  ]>etween  the  29th  of 
September  and  2d  of  October,  1003. 

It  will  he  noticed  that  but  few  perennials,  aside  from  the  grasses 
included  in  the  fall  reckoning,  are  listed.  It  was  the  intention  to  esti- 
mate onW  the  grasses  and  other  annual  plants,  but  it  was  decided  after 
the  work  was  begun  to  include  a  few  perennial  species  other  tlian  the 
grasses.  It  might  apf)ear  better  to  have  made  quantitative  measure- 
ments upon  those  plants  of  forage  value  only;  but  it  is  exceedingly 
difficult  to  decide  which  species  are  and  which  are  not  forage  plants. 
It  often  happens  that  nearly  all  plants  that  grow  are  eaten.  What  is 
grazed  depends  largel}^  upon  what  is  available  for  stock  to  eat  within 
walking  distance  of  water.  It  was  deemed  better,  therefore,  to  meas- 
ure the  entire  growth  exclusive  of  the  shrubbery,  and  to  estimate  the 
nonforage  plants  by  deducting  from  the  totals  thus  ol)tained  such  a  per- 
centage as  seems  justifiable,  based  upon  personal  observations  as  well 
as  the  testimonv  of  stockmen. 

In  these  measurements  a  unit  areji  3  feet  by  7  feet  was  adoptt^d,  and 
in  the  niajorit}^  of  cases  the  aresus  were  measured  by  a  frame  of  the 
dimensions  sUited  constructed  for  this  purpose.  In  a  f(*w  cas(\s  the 
areas  were  measured  with  a  tapeline.  All  plants  within  the  frame 
were  pulled  up,  counted,  cleaned,  the  roots  cut  off  at  the  surface  of 
the  ground,  and  the  plants  thoroughly  dried  and  subsetjuently  w  eighed. 
In  some  instances  where  the  number  of  plants  was  very  large  and  the 
distribution  uniform,  one-half  of  the  plot  only  was  used  for  the  esti- 
mate, although  the  tables  given  below  are  ])ased  upon  areas  of  3  feet 
bv  7  feet  for  the  sake  of  uniformitv  in  tabulation.  In  four  instances 
plants  were  discarded — that  is,  no  records  of  them  are  made  in  these 
tables.  They  were  so  small  and  of  such  insignificant  weight  that  they 
would  amount  to  only  about  I  pound  per  acre.  The  annotiitions  in 
the  last  colunm  of  the  tables  mention  these. 

WTiile  making  the  measurements  in  the  spring  it  was  found  that  in 
some  of  the  plots  there  was  a  number  of  very  small  seedlings  which 
it  was  decided  not  to  include  at  that  time  on  account  of  the  fact  that 
they  would  necessarily  have  to  be  included  in  the  autiuunal  measure- 
ments. This  avoided  counting  the  sjime  plants  twice.  It  was  d(H'i(l(»d 
to  include  Atnplex  elega)ix  in  both  spring  and  autumnal  mcnisure- 
ments,  because  of  the  better  growth,  made  by  it  than  l)y  the  otliers, 
and  on  account  of  the  great  loss  which  the  plant  would  sustain  during 
the  long  dry  season  from  April  to  the  first  of  July.  This  loss,  it  is 
thought,  will  in  a  large  measure  correct  the  error  incurred  by  the 
double  estimate  of  this  plant.     The  measurements  were  made  when  it 
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was  believed  the  maximum  yield  for  the  season  would  be  secored.  It 
was  impossible,  of  course,  to  select  a  time  when  the  maximum  for  each 
plant  could  be  obtained  on  account  of  the  difference  in  the  date  of 
maturity  and  the  difference  in  the  resistance  to  the  drought  of  late 
spring. 

Tabular  stalemerU  of  plot  measurements. 
[Each  plot  contains  21  square  feet.] 


Name  of  plant. 


Plot  A. 

Eschscholtzia  mcxicana  . 

Atriplex  elegans 

GIlia  floccosa •. . . 

Lotus  humilis 

Pectocarya  linearis 

Sphx-rostigma  chamseneri- 
oiden. 

Lepidium  montanum 

Filago  californlca 

Triodia  pulchella 

Pharella  arizonica 

Lotus  humlstmtus 

Caucalis  microcarpa 


Num- 
ber of 
plants. 


Pw>T  B. 

Monolepis  nnttalliana  .., 

Atriplex  elegans 

Onagni  trichocalyx 


Plot  0. 

Filago  oalifornicrt 

Lotus  humistnitus 

8l)ha'n>atlgma  chamseneri- 
oidos. 

Gilia  floccosa 

Eriog(»num  abcrtiaiinm.. 

Vun  D. 

Aristida  amerlcana 

Luplnus  leptophyllus 

Lotus  humlstratus 


Ptx)t  E. 

Ix)tuh  humistnitus. . 
Pectocarya  linearis. 
Astragalus  nuttallil 

Plantago  ignota 

Gilla  floccosa 

Plagiobothrys  sp  . . . 


Plot  F. 

Pbmtngo  ignota 

Lotus  humistmtus 

Plagiobothrys  arizonicns . . 

Pectocarya  linearis 

Orthocarpus  purpuras<'cns 
palmen. 

Gilia  floccosa 


4 
9 
9 
1 

10 
4 

5 
1 


4 
9 


ft/ 
5 
1 


2 
1 
1 

1 
4 


24 

3 

20 


2r> 

8 
71 


Height 
plants. 


Inches. 
5 
3 
4 
2 
2 
5 

7 
1 
2 
4 
2 
4 


3i 

6 

1 


n 


3 

3 


6 
5 
2 


3  to   4 


is;^ 

11(5 
7  I  2to   4 


4 

5 
3  to  4 


595 

lt(»   4 

1S9 

I 

35 

6 

374 

Ito  3 

87 

5 

as 

2  to  3i 

Condition  of 
plants. 


In  bloom 

Very  young  . . 
Under  bloom . 

In  fruit 

do 

In  bloom 


do... 

do... 

do... 

In  fruit.. 
In  bloom 
do... 


In  fruit 

Very  young 
In  bloom  . . . 


IJ   In  bloom 

do 

do 


Under  bloom, 
In  blo<»m 


Tnder  bloom , 
Early  bloom., 
In  bloom 


Weight. 


Inlniit 

do 

In  bloom 

Early  bloom . 

do 

In  fruit 


Full  bloom  . 
Late  bloom , 

Infniit 

In  bloom . . 


Early  bloom.. 


Grain*. 

26 

76 

20 

2 

104 

2 

80 
3 
2 

28 

21 

6 


1,681 
94 
10 


1 
2 
4 

2 
10 


297 
56 
63 


555 

611 

11 

53 

11 

469 


245 
126 
147 
318 
93 

56 


Condition  of  plot. 


A  broad,  nearly  level  area 
from  which  some  surface 
soil  has  been  removed  bv 
erosion.  Sparsely  covered 
with  shrubbery. 


A  broad,  shallow  depression, 
f  rom  w^hlch  nearly  all  bn»h 
has  been  cut  and  the  sur- 
face soil  removed  by  ero- 
sion. 


On  a  stony  ridge  in  an  area 
.    cut  with  steep,  shallow  ra- 
vines. 


On  the  southern  exposure  of 
a  stony  knoll  containing  an 
unusually  good  growth  of 
Aristida.  Besides  the  lif^t 
there  are  228  seedling  Erit*- 
carpum  gracilis  less  than  1 
incn  high. 


A  jjently  sloping,  grassy  area 
at  the  upper  edge  of  the 
.heavier  mesquite  brush. 
Besides  the  plants  listed 
there  are  two  small  seed- 
lings of  Gscrtneria  tetinifn- 
Ha,  and  ten  plants  of  Bim- 
teloiia  rothrockii  beginnlnir 
to  grow. 


Very  similar  to  E.  No  brush 
excepting  an  occasional 
mesquite  from  2  to  3  feet 
in  height.  There  isconsid- 
erable  old  grass  of  Jioutt- 
loitn  rothrockii,  B.  aristi' 
(Mdes,  and  AriMida  ameri- 
cana  from  last  season. 
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Tabular  statement  of  plot  measurement* — CV>ntinue<l. 


Name  of  plant. 


Num- 
ber of 
plants. 


Plot  G.     « 
PlaAiobothryg  gp 

14 

Lapinufl  ooncinnQs 

Calandrliiia  menzietdi 

Pla^obothryB  aiizonicus . . 
Lotus  humifitiatus 

190 

276 

17 

94 

BaerU  gracilR 

linanthufl  aureus 

Plantaeo  isnota 

53 
4 

49 

Festuca  octoflora 

»4 

Fllago  califomica 

85 

Phaoelia  arixonica 

Eremocarva  mlcraiitlia 

Plot  H. 

EriofFonum  tharberi 

Eremocarya  micrantha 

Lapinus  leptoptayllus 

Plot  I. 
Lotus  humistratns 

6 
49 

97 
21 
21 

67 

Plantairo  iflmota 

38 

Erodium  texanum 

Eriophyllnm  lanosmn 

Phacelia  crenulata 

Astragalus  nuttallil 

Plot  J. 

EwcJwcholtzfai  mexicaiia. . . 
Plantaffo  ijraota 

7 
19 
10 
34 

»3 
291 

Lotus  hnmistiatus 

32 

Eremocarya  xniciantba 

Erodinm  cicutarium 

Eriophyllum  lanosum 

8tyloclinc  xnicropodes 

Pectocarya  linearlsi 

Plot  K. 

Pectocarya  linearis 

Lotos  humiatratiisJ 

115 

3 

5 

85 

24 

310 
2 

I^tlM  h|imf  1i«          ,         r 

8 

Erodiom  texanum 

Lepidium  lasiocarpum 

Eriophyllnm  lanosum 

Plot  L. 

LtfitiM  hnmilifl 

8 

1 
80 

220 

Unanthus  bigeloyi  1 

Llnanthus  aureus 

13 

• 

2 

Gilia  floccotsa 

5 

Caucalis  microcarpa 

5 

Height 
plants. 


Inches. 

4 

lto8 

U 
3tol2 

1  toli 
3to4 
3to4 

2  to  4 
l|to4 

ItoS 
2 
Itoli 


1  to2 
lto2 

4to8 


1  to5 
lto3 

3 
1  to2 
2to6 

3 


lto9 
1  to2 

(«) 
lto2 

2 

1  to2 

lto2 

1  to2 


1  to4 

U 
li 
3to4 
4 

2  to  3 


1 
2to3 

Si 
2to3 

5 


Condition  of 
plants. 


In  fruit 

Early  bloom 

In  fruit 

do 

In  bloom 

Full  bloom 

do 

Under  bloom . . . 

do 

In  bloom 

Early  bloom 

In  fruit...' 


Weight. 


Graliu. 
101 

nnr> 

700 

116 

56 

63 


85 
14 
14 
15 
21 


Condition  of  plot. 


In  bloom 

do... 

do... 


In  fruit 

Early  bloom. 

In  fruit 

Full  bloom . . 

in  bloom 

In  fruit 


In  fruit 

Early  bloom. 
Full  bloom., 

.....do 

Early  fruit... 
Full  bloom .. 
In  bloom  . . . . 
In  fruit 


In  fruit.. 
In  bloom 
In  fruit . . 

do... 

do... 

In  bloom 


In  bloom 

do 

do 

Under  bloom 
In  bloom 

apioBtrate. 


77 

8 

102 


I 


57 

78 

9 

23 

259 


5421 
101 

6 

4  ' 

"  I 
/  ' 

5  I 


878 

10 

36 

6 

18 

105 


180 
6 
4 
3 
6 


DifTerlng  but  little  from  Plot 
F.  Besides  the  plants 
listed  there  are  12  small 
tiee<l lings  of  Eruxurpum 
ffTdCilit  to  be  included  in 
the  autumnal  reckoning. 


In  the  bottom  of  Box  Can- 
yon, uiMin  a  ciiarse,  Hiiudy 
alluvlimi,  which  has  not 
been  disturbed  for  several 
years. 


Upon  a  stony.  Houthem  ex- 
posure iKirrloring  Box  Can- 
yon. Besides  the  pliintM 
listed  there  are  30  plants  of 
perennial  grawiea  just  \ye- 
ginning  to  develop.  Opun- 
tia  cngflmanni  la  very  con- 
spicuous here. 


Broad,  open,  gently  sloping 
foothill  region  which  pro- 
duced a  larpe  crop  of  Bmt- 
tcloua  arigtidoides  last  year. 


On  a  rocky  hillside  among 
steep,  stony,  bare  arroyos. 
Zisyphit9  lyciaides  is  con- 
spicuous Here.  Bouielotia 
arUtidoidrn  was  the  chief 
crop  last  fall. 


Similar  to  K,  but  farther 
from  arroyo.  Besides  the 
list,  there  is  one  plant 
each  of  PlagiobothrijB  ari- 
zonicns,  lUwrUi  gracilis, 
PiUujo  californira,  and  £rc- 
mocnrya  micrantha.  All 
wouUf  weigh  less  than  2 
grains. 
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was  believed  the  maximum  yield  for  the  season  would  be  seoared.  It 
was  impossible,  of  course,  to  select  a  time  when  the  maximum  for  each 
plant  could  be  obtained  on  account  of  the  difference  in  the  date  of 
maturity  and  the  difference  in  the  resistance  to  the  drought  of  late 
spring. 

Tabular  statement  of  plot  yneasureiTients, 
[Each  plot  contains  21  square  feet.] 


Name  of  plant. 


Plot  A. 

Eschscholtziamexlcana  .. 

Atrlplex  elegrans 

Qilia  floccosa , 

Lotus  humilis 

Pectocarya  linearis , 


Num- 
ber of 
plants. 


8ph{ero8tlgma  chamaeneri- 
oldes. 

Lepidium  montanum 

Filago  callfornica 

Trlodia  pulchella , . . . 

Phaeelia  arizonica 

Lotus  humistratus 

Cauoalls  ralcrcx'arpa 


VUYT  B. 

Monolepis  nuttalliana 

Atriplex  eleffans 

Onagra  trichocalyx  ... 


Pixyr  C. 

Filago  oalifornioa . 
Lotu.s  humlstnitus. 


HphflTost  igma  chamreneri- 
oldos. 

Gilia  floccosa 

liriogonnm  abortianiim. . 

Plot  D. 

Aristida  araericana 

LnpInuM  leptophyllns 

Lotus  humistratus 


Vi/yr  K. 

liOtUH  humistratus. . 
Pectocarya  linearis. 
Astragalus  nuttallil 

Plantago  ignota 

Gilia  floccosa 

Plagiobothrys  sp  .  - . 


PIX)T  F. 


Plantftgc)  iguotii 

liOtus  humistratus 

Plaglobothrys  arizonicus. 
Pectocarya  linearis 


Orthocarpus  ]>urpunisccns 
palmen. 

Gilia  floccosa 


4 

9 
9 
1 

10 
4 


1 
1 
f) 
4 
9 


r>7 
r> 
1 


2 

1 
1 


24 

3 

2() 


Height 
plants. 


Inches. 
5 
3 
4 
2 
2 


7 
1 
2 
4 
2 
4 


I 


1H3 

11»» 

« 

2f) 

S 

71 


59.') 
ISO 

35 
37 1  , 

87  I 


3  to 


2  to 


3  to 


3J 

5 

1 


li 
li 
3i 

3 
3 


4 

2i 

4 

4 

5 

4 


Ito  4 
1 
6 

Ito  3 


5 


as  I  2  to  8i 


Condition  of 
plants. 


In  bloom. 

Very  young  . 
Under  bloom , 

In  fruit 

do 

In  bloom 


do... 

do... 

do... 

In  fruit.. 
In  bloom 
do... 


In  fruit 

Very  young 
In  bloom  . . . 


In  ])loom 

do... 

do... 


Under  bloom , 
In  bUK»m 


ti  rntlcr  bloom  , 
5  I'jirly  bl(K)m., 
In  blfMMn 


In  fruit 

do 

In  bloom 

Early  bloom. 

do 

In  fruit 


liarly  bUmm, 
Full  bl(M)m  . . 
T.iate  bloom.. 

In  fruit , 

In  blrxmi 


Weight. 


Qraina. 

26 

76 

20 

2 

104 

2 

80 

3 

2 

28 

21 

6 


1,631 
10 


1 
2 
4 

•) 


Early  blormi, 


555 

611 

11 

53 

11 

469 


245 
126 
147 
S18 
93 

56 


Condition  of  plot. 


A  broad,  nearly  level  area 
from  which  some  surface 
soil  has  been  removed  by 
erosion.  Sparsely  covered 
with  shrubbery. 


A  broad,  shallow  depression, 
from  which  nearly  all  brush 
has  been  cut  and  the  sur- 
face soil  removed  by  ero- 
sion. 


10 


297 
63 


On  a  stony  ridge  in  an  area 
.    cut  with  steep,  shallow  ra- 
vines. 


On  the  southern  exposure  of 
a  stony  knoll  containing  an 
umisually  good  growth  of 
Arlstidu.  Besides  the  list 
there  are  223  seedling  ^nV*- 
carpuin  gracUi*  less  than  1 
incii  high. 


A  gently  sloping,  graRsy  area 
at  the  upper  edge  of  the 
heavier  mesquite  brush. 
Besides  the  plants  listed 
there  are  two  small  seed- 
lings of  GuTtHcria  tenniftt- 
lia,  and  ten  plants  of  Bou- 
tf'ioua  rotftrockii  beginning 
U)  grow. 


Very  similar  to  E.  No  brush 
excepting  an  occasional 
mestiuite  from  2  to  8  feet 
in  height.  There  Is  consid- 
erable old  grass  of  JBoutc- 
loua  roihrockii,  B.  arirti- 
doidrs,  and  Aritftida  amtri- 
cana  from  last  seas«>n. 
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Tabular  statement  of  plot  measurements — C^^jntinued. 


Name  of  plant. 

Num- 
ber of 
plants. 

Height 
plants. 

Condition  of 
plants. 

Weight. 

C<mdition  of  plot. 

Plot  G.    « 
PliuriobothTyB  so 

14 

190 

276 

17 

94 

53 

4 

49 

84 

35 

6 

49 

97 
21 
21 

67 
38 
7 
19 
10 
31 

343 

291 

32 

115 

3 

5 

35 

24 

310 
2 
8 
3 
1 
80 

226 

13 

2 

5 

5 

Inches. 

4 

lto8 

U 
3tol2 
1  to  1ft 
3to4 
3to4 
2to4 
1ft  to4 
ItoS 
2 
1  to  1ft 

1  to2 
1  to  2 
4to8 

1  to  ft 
lto3 

3 
1  to  2 
2to6 

8 

lto9 
lto2 

(«) 
1  to2 

2 

lto2 

lto2 

lto2 

lto4 
1ft 
11 

3to4 
4 

2to3 

1 
2to3 

3ft 
2to3 

5 

Infnilt 

Orains. 
101 
999 
700 
116 
56l 
53 
2  ' 
35 
11  ' 

15, 

1 

77 

S 

102 

1 
1 

56  ' 

57  1 
78 

9  ' 
23 
259 

542ft 

70 

101  i 

14  1 
6 

4' 

7' 

1 

5 

878 

10 

86 

6 

18 

105 

180 
6 

: 

6 

« 

liUpinuB  concinnus 

Calandrlnia  menziesli 

Early  bloom 

In  fruit 

Pla^obothrys  arizonicus . . 
Lotos  hmnifitiatiia 

do 

In  bloom 

Full  bloom 

do 

Differing  but  little  from  Plot 

Baeria  gracilis'. 

F.     Besides     the      plants 
listed  there  arc  12  small 
*    seedlings    of     Eriocarpum 
ffraeUis  to  be  included  in 
the  autumnal  reckoning. 

Linanthus  aureus 

Flantago  ignota 

Under  bloom . . . 
do 

Festaoa  octoflora 

Fila^o  califomica 

In  bloom 

Earlv  bloom 

In  fruit. ..^ 

Pbaeelia  arizonica 

Rrffmnfury-R  micrantha .... 

Plot  H. 

Eric^onum  thu rberi 

£remocfir>'a  micrantha 

Lupinus  leplophvll\i8 

Plot  I. 

In  bloom 

do 

do 

In  tlie  Ixittom  of  Box  Can- 
yon, U|K)n  a  coarse,  sandy 
ailuvium,  which    has   not 
been  disturbed  for  several 

In  fnut 

[    years. 

Uptm  a  stony,  southeni  ex- 
posure lx)nlcring  Box  Can- 

Plantairo Ignota 

Early  bloom 

In  fruit 

RTx>diixni  texannm 

yon.     Besides    the   plants 
listed  there  are  30  plants  of 
perennial  BrrH.HHt»s  just  be- 
ginning to  develop.    Opun- 
tia  enff*'lmanni  is  very  con- 
spicuous here. 

Eriophyllam  lanosum 

Pbaeelia  crenulata 

Astrajralus  nnttallii 

Full  bloom 

In  bloom 

In  fruit 

Plot  J. 
EKhsdioltzia  mexicana. . . 

In  fruit 

. 

Plantairo  ijrnota 

Early  bloom.... 

Full  bloom 

.....do 

Farly  fruit 

Full  bloom 

In  bloom 

Infniit 

Lotus  hnmistratus 

Eremocarya  micrantha 

Erodium  cicutarium 

Eriophyllum  lanoimm 

Stylocline  micropodes 

Pectocarya  linearis. 

Plot  K. 

Pectocarya  linearis 

l^tn»  hlinii|?t''atiiR 

Broad,  open,  gentlv  nloping 
foothill  region  which  pro- 
duced a  large  crop  of  Bou- 
teloua  arUtidoides  last  year. 

In  fruit 

In  bloom 

In  fruit 

On  a  rocky  hillside  among 

T^tiifi  hnmlliK  .    . .        

steep,  stony,  bare  arroyos. 
Zizifphus   lycityides  Is    t;on- 
spicuous   here.     Bouleloua 

ivrodium  texanum 

do 

Lcpidiiim  lasiocarpum 

Eriophyllum  lanosum 

Plot  L. 
Lotus  homllls 

do 

aristidmdrg  was  the  chief 
crop  last  fall. 

Similar    to    K,    but   farther 
from  arroyo.    Besides  the 

In  bloom 

In  bloom 

do 

Linanthus  bigelovi  i 

Linanthiu  aureus 

list,  there    is    cme    plant 
each  of  Plngiobothrijs  ari- 
zonicus,    Baeria     gracilis, 

do 

Gllia  floccosa 

Under  bloom . . . 
In  bloom 

Filafjo  caHfornica,  and  Ere- 
mocarya     micrantha.      All 
would  weigh  less  than  2 
grains. 

OaucaUs  microcarpa 

o  Prostrate. 
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TaJmlar  tttatemeul  of  plot  mrcLsuremeiiin — C.ontinued. 


Name  of  plniit. 


Plot  M. 

Thely podium   lafiiopfi y  1- 
luiti. 

Cryptiinthc  intermedia... 

Peetociirya  linearis. 

Caucalis  mieroeari»a 


Sphjpnjstigrna    chamfen- 
erioides. 

Pilllisia  chrystinthemifolia. 

Supiiia  pinnata 


IK."  of      "T'         <^""<"''""  ■" 


Plot  N. 

Lotus  humlstratus , 

PlagioTK>thry.s  s]) , 

Plag iol)othrys  arizoiiicus. , 

Linanthus  aureus , 

Pectocarya  linearis , 

Eremoearya  micrantha 

Plantago  ig^nota 

Plot  O. 


Mentzelia  albieaulis 

Phaeelia  crennlata , 

Lupinus  leptophylhis 

(tilia  ine<mspicua 

Gilia  floceosa , 

Esehseholtzia  mexicana. , 

Plantajfo  ignot^i 

Eremoi^'arya  micrantha. . , 

Lupinus  eonc'innus 

l*eetoearya  linearis , 


Plot  P, 

Plagiobotlirys  arizonieus. . 

Lupinus  eoneinnus , 

Malacotlirix  fendleri , 

Gilia  floceosa , 

Linanthus  aureus 

Gilia  inconspicua  ? , 

Phaeelia  arizonica 

Astragalus  niittallli 

Krcmoearya  micrantha 

Plot  Q. 
EUisiachrysiinthemifolia. . 

Plot  A'. 
Atriplex  elegans , 

Plot  B'. 

Atriplex  elegans , 

Portulaea  retusa , 

Bouteloua  aristifioides 

Plot  C. 

Atriplex  elegans , 


1 

plants.  I  plant. 


TnchtH. 
10  to  18 


plants. 


{> 


G 
('• 
4 

1 
12 


•190 
•) 

9 

8 

8 

32 

374 


1 
<i 

1 

6 
3 
1 
I 
2 
2 
1 


4 

1 
2 

o 

11 

1 

1 

n 

4, 612 
10 


72 

10<*. 

2 


82 


nto   8 
Ito   3 

2  to   3 

3  to  12 

6 
10  to  14 


1  to  3 
;  to  2 
3  to  5 

1  to  3 

2  to  4 
1  toli 
1  to  3 


In  fruit. 


In  bloom 

do 

In  fruit 

Early  bl(X}m . 

I^te  bloom.. 
do 


Full  fruit.. 
In  fruit.... 
Late  fniit. . 
Lnte  bloom 
Late  fruit.. 

do 

In  fruit.... 


C     In  fruit 

4     In  bloom  ... 

4     In  fruit 

Stol2  I do , 

3  to  4    do , 

o  Late  bloom , 
r>  I  In  fruit 

2  to  4  i do 


3  too 
3 


.do 
.do 


5  to  10 

3  to   4 

4 


3i 
3 


In  fruit 

I.iile  bloom 
In  bloom  . . 

....do , 

Full  bloom . 

7  to  11  I  In  fruit 

3i'  Late  bloom 

In  fruit 

....do , 


3 
Ito   2 


3  to  7     In  bloom 


12 


Mature 


4toG    do... 

3  I  In  bloom 

4  Mature . . 


14 


Weight. 


Orains. 

79 

31 
20 


Mature 


18 
6 


i,a')3i 

4 
22 

2 

8 

2vS:j 


3 
4  I 

27 
92 
27  ' 


2il 

10 

101 

8 


l,90o 

IIG 

8 

21 

6 

81 

10 

18 


1,008 


Condition  of  plot. 


About  one-third  of  plot  situ- 
ate<l  under  a  zizyphus 
bush,  where  the  vegetation 
is  much  more  abundant 
than  in  the  remainder  of 
the  area,  but  it  reprcs*ent» 
an  average  for  this  kind  of 
situation. 


Gently  si  oping  open  foothills. 
Eschschottsia  vtrxicana  very 
abundant  a  short  distance 
away,  but  comparatively 
few  plants  within  20  itjtda 
of  the  plot.  Besides  the 
plants  listed  there  are  31 
seedlings  of  Qstrtneria  ttTiu- 
{folia  and  10  bunches  of 
perennial  grasses. 


On  a  sandy,  gravelly  wash 
which  has  not  been  dis- 
turbed for  about  two  years. 
The  plants  in  ^tuations 
lil^e  this  habitually  grow 
much  larger  than  in  other 
places.  Tiiey  are,  however, 
much  fewer  in  number. 


Typical  representation  of  the 
uneroded  lands  Just  above 
the  washes  and  below  the 
r(K*ky  bluffs  on  either  side. 
It  is  between  areas  of  this 
nature  and  the  sandy  wash- 
es that  trees  and  shrubs 
grow  in  this  part  of  the  in- 
closure. 


Typical  development  in  the 
protection  of  Duahes. 


968  I  Unenxied.    In  other  respects 
I      not  different  from  Plot  A. 


1,614 

126 

1 

4,479 


Surface    soil     partially    re- 
moved by  erosion. 


Surface  soil  largely  removed 
by  flood  waters. 


THE   LARGE   INCIX>SUBE. 


29 


TabtUar  statement  of  plot  meagurer'nentH — Continue<l. 


Name  of  plant. 


PiXiT  D'. 

Boutcloua  rotbnx>kii 
Allionia  ineamata  .. 
Bouteloua  havanlii. . 
Machaeranthera  »p. . 
Aiii^tida  americaiia. . 
Eriocarpam  g^raHlU . 
Ga^xtneria  tenuifolia 


Pixn  E'. 

Bouteloaa  bromoide^s. . 

Arii^tida  americana 

Boutcloua  havardii 

Cri(>carpuin  f?racilLs . . . 

PUXT  F'. 

Boutcloua  arijitkloides 
Tribulo9  grand iflorus  . 
Amaranthus  palmed . . 

Plot  G'. 


Condition  of 
planU. 


Btmteloua  bromoides 

Arbitlda  americana 

Aristida   americana   bro- 
moides. 

Kriocarpum  gracilk 

Krio^onum  pol ycladoii 

PljOT  H'. 

Boutcloua  bromoides 

Boutcloua  eriopoda 

Boutcloua  havardii 

Eri<xarpum  gracilis 

Boutcloua  hirauta 


Plot  I'. 

Panicum  arizonicum. . 
Boutcloua  aristidoideK 
Eriocarpum  gracilis. . . 
Bottteloua  rothrockii. . 
ErioffODum  polycladon 

Plot  J'. 

Boutcloua  artlHtidoidcs  . , 

Aristida  americana 

Boutcloua  eriopoda 

Eriocarpum  gracilis 


PivOT  K'. 

Machaeranthera  sp. 
Bahia  ab«inthifolia. 


Mature 

In  fruit 

Mature 

I^te  bloom. 

Mature 

Late  f niit. . . 
In  fruit 


130     5lo  8     Mature 

15  4    do 

26  I  5  to  9    do , 

IS     3  to  5  I  Overmature  . . 


1,118     Gto   S 

30  I  4 

4  6 


158 

903 

3 

6 
15 


4 

20 
16 
72 


6  to  10 
2  to  4 


Mature 

Overmature 
Mature 


Mature 

Overmature 


12  to  18    Mature 


3  to  5  I  I^te  bloom . 
7  to  24  !  Full  bloom . 


6  to  7     Mature 

8  to  12  ' do. 

6tol0  ' do. 


3 

8  U)  12 


Overmature 
Mature 


1  3 
88  I  li  to5 

2  10  to  12 
1  I  18 
1  ,          24 


Overmature 

do 

do 

Mature 

Full  bloom . 


7,854  I   3to4  j  Mature 

ltJ8  I   6  to  8    do 

I  jlOtor2  , do 

42  1  61  Overmature 


3 
1 


4 
5 


Late  bloom.. 
Early  bloom. 


Weight. 


(Condition  of  i>lot. 


drain*. 

l.ftCX) 

31 

lOG 

204 

501 

36 

136 


4.910   1 
1 
172 
42 


.In  the  upper  end  of  u  Nmnll 
Htony  arroyo. 


On  the  bank  of  a  xmall  Htony 
arroyo. 


2,305 

128 

22 


1,326 
81 

60 


On  a  Kandy  alluvial  Imnk 
about  8  'feet  above  the 
Hhlf  ting  naiulH. 


450 


38 

120 

122 


On  the  broail  upper  end  of 
a  shallow  wa.sfi  west  of 
Proi'tor. 


On  a  rocky  western  exposure. 
Calliandra  iriophjiHa  very 
abundant,  there  being  15 
small  plants  ui>on  the  iilot. 


70  J 


1 

28 

33 

33 

139 


1,890 

42 

32 

336 


173 
1,467 


On  a  sandy  wash.  The  soil 
has  been  un<li.sturlH'd  for 
alxiut  one  year. 


A  distinctly  six  weeks'  gmss 
( BunUUnia  a  rist  id  oi  tits ) 
area. 


Upon  a  gravelly  knoll  where 
It  retiuiresan ex(»eptionftlly 
favorable  year  to  prmluee 
any  feed. 
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the-  annual  grasses  BouteUma  aristldoid<^s  and  Arlstidu  amerimna^ 
which  without  doubt  produce  as  many  pounds  of  growth  upon  the 
inclosure  as  all  other  grasses  combined.  It  is  very  doubtful  if  these 
are  eaten  except  under  enforced  conditions  after  the  seed  begins  to 
ripen.  Their  period  of  usefulness  as  stock  feed  is  therefore  very 
short.  Fifty  per  cent  more  should  be  deducted  from  the  total  avail- 
able for  stock  feed  for  plants  of  this  kind  which  are  of  little  or  no 
value  when  drj'^  and  therefore  are  not  capable  of  complete  consump- 
tion. The  two  species  of  lotus  enumerated  in  the  record  of  plot 
measurements  and  Pectocarya  are  from  their  habits  of  growth  not 
grazed  to  any  extent,  by  cattle  especially,  until  they  begin  to  fruit, 
on  account  of  their  lying  flat  on  the  ground  until  this  time.  Their 
period  of  usefulness  is  therefore  very  short.  When  this  deduction  is 
made,  and  it  is  believed  that  all  of  these  deductions  are  consei'vative, 
we  have  left  176  pounds  of  dry  feed  per  acre  to  be  utilized  under 
necessarily  wasteful  pasture  practices,  where  green  feed  is  present  for 
about  five  months,  and  the  season  of  grass  production  in  July  to  Sep- 
tember is  often  closely  followed  by  a  few  light  showers  of  rain,  which 
greatly  decrease  the  value  of  the  cured  forage.  This  remainder  of  176 
pounds  is  increased  somewhat  by  the  browse  plants,  which  have  not 
entered  into  our  calculation. 

If  we  consider  18  pounds  per  day  of  well-cured  ha}^  sufficient  for  the 
maintenance  of  a  mature  idle  animal  without  adding  anything  to  its 
weight,  it  will  require  37  acres  to  support  such  an  animal  one  3'ear. 
This  calculation  considers  the  native  feed  equivalent  to  well-cured  hay 
and  allows  nothing  for  increase  in  weight.  Neither  does  it  allow  any- 
thing for  labor  performed  by  the  animal  in  gathering  its  food  and  walk- 
ing a  distance  of  5  to  10  miles  for  water.  When  additional  allowances 
are  made  for  these  factors,  the  number  of  acres  required  to  pasture  one 
animal  is  very  materially  increased  and  approaches  very  closely  the 
50-acre  estimate  given  upon  a  previous  page. 

CABBYINa  CAPACITY. 

Before  any  rational  adjustment  for  the  proper  control,  of  public 
grazing  lands  to  meet  the  evident  pr(\ssing  demands  for  a  change  in 
this  direction  can  be  made,  much  should  be  definitely  known  regard- 
ing the  amount  of  stock  that  these  lands  will  carry  profitably  year 
after  year.  This  n)ust  form  the  basis  of  all  equitable  allotments.  To 
secure  such  information  is  a  most  difficult  taslc  in  a  region  where  the 
seasons,  the  altitude,  the  slope,  and  the  i-ainfall  are  so  variable.  It 
cjin  })e  determined  very  easily  in  the  Great  Plains  region,  where  con- 
ditions are  uniform  and  reasonablv  constant,  and  indeed  it  is  verv 
definitely  known  there;  but  here  the  case  is  very  different.  There  is 
in  the  Territory  comparatively  little  native  pjisturc  land  under  fence, 
and  that  which  is  fenced  is  usually  the  better  land,  representing  a 
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much  higher  carrying  capacity  than  the  average.  Even  in  cases  where 
the  land  is  fenced  the  areas  are  irregular,  and  therefore  of  uncertain 
acreage,  with  no  record  of  the  amount  of  grazing  se<;ured  from  them. 
The  estimates  below  are  given,  therefore,  reservedly,  but  with  a 
feeling  that  they  are  approximately  accurate  for  the  specific  areas 
mentioned. 

Mr.  W.  B.  McCleary  has  200  acres  fenced  at  the  base  of  Mount 
Wrightson,  at  an  altitude  of  approximately  4,000  feet.  The  condi- 
tions are  approximately  the  same  as  those  in  the  southernmost  part  of 
the  area  recently  inclosed  by  the  Department,  except  that  a  portion 
of  Mr.  McCleary's  holding  is  occupied  by  a  large  wash  heavily  covered 
with  brush  and  trees.  When  first  fenced,  it  was  necessary  to  feed 
some  hay  to  the  four  head  of  stock  which  are  carried  on  the  land,  but 
at  the  present  time  the  area  furnishes  sufficient  feed  for  this  number. 
Mesquite  l>eans  and  browse  furnish  no  small  part  of  the  feed,  and  in 
general  the  area  represents  about  an  average  carrying  capacity  for  the 
foothill-mountain  areas.  It  furnishes  rather  more  browse  and  mes- 
quite beans  but  less  grass  than  some  of  the  neighboring  localities. 
In  the  estimate  of  this  pasture,  if  the  data  which  it  furnishes  be  cor- 
rect, the  carrying  capacity  for  the  best  pasture  lands  in  the  foothill- 
mountain  areas  of  this  region  is  about  1  head  to  50  acres.  This  is 
probably  not  far  from  the  proportion  which  should  govern  grazing 
upon  these  lands.  It  should  be  stated  that  this  estimate  is  based  upon 
the  better  lands,  which  are  proportionally  smaller  in  area  than  desert 
Biesas  and  unproductive  lands  at  lower  altitudes. 

Much  effort  was  made  to  get  an  estimate  of  the  carrying  capacity  of 
the  land  in  the  northern  part  of  the  Territory,  where  the  task  is  even 
more  difiScult  than  it  is  farther  south.  The  figures  given  for  tliis 
region  are  purely  estimates  based  upon  the  judgment  of  ranchers 
who  operate  in  the  region.  A  great  many  ranchers  were  consulted 
and  their  opinions  secured,  but  the  two  or  three  quoted  below  seem  to 
be  based  upon  the  most  definite  data. 

Some  information  received  from  Mr.  George  L.  Brooks,  manager 
for  a  cattle  company,  shows  the  extent  to  which  the  country  has 
been  overgrazed  in  past  years.  The  lands  of  this  company  are 
located  from  Aztec  west  to  Angel  and  south  to  tlic  limit  of  tlie  old 
Atlantic  and*  Pacific  grant.  This  strip  of  country  contains  a  little 
more  tlmn  1,500,000  acres.  Mr.  Brooks,  who  neccssarih^  made  a  vcr}' 
careful  study  of  the  matter,  estimates  that  there  were  upon  this  area  for 
a  number  of  years  an  equivalent  of  upward  of  44,000  bovine  animals, 
or  about  1  steer  to  34  acres.  The  loss  of  cattle  through  starvation 
was  tremendous  for  several  winters,  and  the  country  became  so  badly 
damaged  as  to  compel  the  cQmpa&y.to  go  out  of  the  cattle  business. 
Their  losses  from  the^^cpAiUlMpfiitt^yoOl^derable,  but  the  land 
could  not  maintain  /^ck  at  the  above  imro.^At  the  present  time 
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there  is  very  little  grazing  on  this  territory  except  by  sheep  during 
the  winter  season. 

A  rancher  near  Ashfork,  who  pastures  1,000  head  of  cattle,  this 
number  of  stock  now  having  the  entire  ran  of  land  composing  nearly 
eight  townships,  thinks  that  they  could  be  carried  with  perfect  safety 
on  four  townships.  This  gives  92  acres  to  1  head,  which  seems  to  Ix; 
a  liberal  allowance,  and  the  lands  would  probably  carry  stock  at  the 
ratio  of  1  l)Ovine  animal  to  100  acres  indefinitely. 

The  higher  lands  in  the  San  Francisco  Mountains  of  course  produce 
much  more  abundantly  than  the  bench  lands  at  lower  altitudes  or  in 
the  valleys  of  the  Colorado  and  the  Little  Colorado.  Practically  no 
grazing  is  done  here,  however,  except  in  the  summer  season,  and  an 
estimate  of  the  carrying  capacity  must,  therefore,  be  made  on  an 
entirely  different  basis.  The  better  lands  here  would  probably  sup- 
port 1  sheep  to  5  acres  during  the  grazing  season  from  May  to  Novem- 
ber. This,  according  to  the  usual  method  of  calculation,  would  mean 
1  steer  to  30  acres  for  the  same  season. 

Twice  during  the  past  season  the  goat  ranch  of  Mr.  Joe  Mayer,  at 
Mayer,  Yavapai  County,  Ariz.  (PI.  VII,  fig.  1),  was  visited.  Mr. 
Mayer  has  run  goats  for  a  number  of  years  on  the  same  territory,  and 
his  estimate  of  the  carrying  capacity  of  this  ranch  is  probably  as  accu- 
rate as  can  be  obtained  at  the  present  time.  During  the  course  of  a 
conversation  in  Jul,y  Mr.  Mayer  stated  that,  as  nearly  as  he  could 
judge,  he  is  using  between  3  and  4  acres  of  land  for  each  animal.  The 
estimate  obtained  from  one  of  the  herders  of  the  area  grazed  during- 
the  season  gives  a  somewhat  higher  allowance  for  each  animal.  It 
should  be  borne  in  mind  that  this  estimate  can  not  be  reduced  to  ternii* 
of  bovine  animals  very  safely,  because  goats  thrive  upon  vegetation 
which  is  not  eaten  l)y  cattle  or,  if  eaten,  upon  which  they  can  subsist 
but  a  short  time.  The  ranch  is  located  in  the  mountains  where  scrub 
live  oak  abounds,  upon  which  the  animals  live  exclusively  for  a  large 
part  of  the  year. 

WATER  FOB  STOCK. 

One  of  the  most  perplexing  problems  of  the  ranchmen  throughout 
the  Territory  is  that  of  the  proper  distribution  of  water  for  stock  pur- 
poses, and  every  contrivance  known  is  employed  to  secure  this  most 
important  adjunct  of  the  stock  business.  Besides  the  natural  supplies 
of  springs  and  streams,  wells  and  surface  tanks  are  commonly  used. 
Many  regions  are  so  remote  from  available  water  supplies  that  they 
are  not  grazed  except  during  the  cooler  or  more  moist  portions 
of  the  year,  when  stock  can  endure  long  periods  without  water, 
or  when  there  is  temporary  w^ater  in  the  rivers,  arroyos,  and  natu- 
ral tanks.  Water  is  so  diflScult  to  secure  in  many  places  that  the 
lands  can  not  be  grazed  even  during  this  season.     This  condition  is 
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especially  true  of  the  higher  mesas  remote  from  both  mountain  ranges 
and  river  valleys  *vhere  neither  short  streams  nor  small  springs  of  the 
mountain  valleys  nor  the  underground  water  supply  are  available. 

Centi-al  Pima  County,  embracing  Avra,  Altar,  Santa  Rosa,  and 
Babuquivari  valleys,  is  especially  noted  for  its  deep  wells  furnished 
with  steam  pumps.  The  ranches  in  this  region  are  very  sparse,  and 
consequently  these  always  furnish  water  for  the  pasturing  of  very 
large  areas.  Some  of  these  wells  are  upward  of  800  feet  in  depth. 
The  fuel  used  for  pumping  is  almost  entirely  mesquite  from  the  imme- 
diate vicinity.  The  supply  of  water  at  these  depths  appears  to.be 
inexhaustible. 

The  ranches  situated  higher  in  the  foothills  and  mountains  depend 

upon  springs  and  shallow  wells  operated  by  windmills.     The  supply 

of  water  from  these  shallow  wells,  however,  often  varies  greatly  from 

season  to  season,  the  difference  sometimes  being  as  high  as  30  feet 

between  the  level  of  the  water  in  moist  and  dr}'  seasons.     Upon  the 

river  bottoms  the  natural  flow  of  the  rivers  is  supplemented  by  wells 

during  the  dry  season.     These  are  operated  by  steam,  horse,  or  wind 

power.     On  account  of  the  absence  of  streams  and  the  great  difficulty 

of  obtaining  well  water,  a  large  part  of  the  northern  portion  of  the 

Territory  is  obliged  to  resort  to  surface  tanks  built  of  earth  as  the  only 

available  means  of  supplying  water  to  stock.     Upon  the  higher  areas 

in  the  San  Francisco  and  contiguous  mountain  ranges  water  is  a])undant 

enough  in  the  average  season  for  all  purposes,  but  upon  the  lower 

plateaus  the  case  is  very  different.     Here  the  prospective  rancher  is 

often  deterred  from  entering  the  stock  business  on  account  of  the  great 

expense  involved  in  securing  water.     Under  a  system  of  more  stable 

tenure  the  expense  might  not  be  prohibitive,  for  it  is  estimated  that 

tanks  which  hold  water  for  one  year  can  be  built  for  about  $500.     The 

clay  soils  so  common  here  are  admirably  adapted  to  the  construction 

of  tanks  of  this  kind,  for  they  hold  water  almost  perfectly  when  once 

thoroughly  tramped  and  comj)acted.     In  some  places  natural  tanks  are 

found  which  need  only  to  be  filled  l)y  having  wator  conducted  into 

them  by  ditches  or  emlwinkments. 

Another  consideration  which  renders  water  relatively  expensive  is 
the  low  carrying  cajmcity  of  the  land,  which  decreases  the  number  of 
sto<*k  which  csm  be  profitabh^  watered  in  one  place,  making  the  returns 
for  outlays  much  smaller  than  the}^  would  be  under  more  productive 
conditions  of  soil  and  rainfall.  Every  rancher  who  dev'elops  water 
here  in  an}'^  form  of  course  owns  the  land  upon  which  the  water  ii 
situated,  but  even  this  ownership  counts  for  but  little  under  the  pres- 
ent uncertain  tenure  of  the  surrounding  areas.  In  short,  water  dev^el- 
opment  being  expensive  and  the  carrying  capacity  of  the  land  low  at 
best,  a  large  acreage  is  necessary  to  furnish  a  livelihood. 
Ho  far  as  cattle  especially  are  concerned,  Arizona  is  essentially  a 
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breeding  ground  for  animals  which  are  fattened  elsewhere.  It  would 
seem,  however,  that  this  would  not  be  the  case  long,  for  the  present 
irrigation  projects,  when  developed,  will  greatly  increase  the  feeding 
facilities  of  the  Salt  and  other  river  valleys,  so  that  many  more  cattle 
can  be  matured.  At  present,  and  for  a  long  time  past,  pi*actically  no 
cattle  leave  the  Territory  in  condition  for  the  markets.  This,  how- 
ever, is  true  at  the  present  time  of  nearly  all  the  native  pasture 
regions  in  the  United  States. 

Throughout  the  Territory,  excepting  in  the  vicinity  of  the  irrigated 
regions  of  the  Salt  and  Gila  valleys,  no  hay  or  other  feed  is  furnished 
stock.  They  live  upon  the  native  vegetation,  consisting  of  grass, 
weeds,  or  browse,  depending  upon  the  locality  or  the  season  of  the 
year.  The  main  concern  of  the  rancher  is  with  branding,  preventing 
theft,  and  furnishing  water.  It  will  not  be  long,  however,  under  the 
present  management  of  the  live  stock  sanitary  board,  before  thieving, 
which  has  obtained  so  commonly  and  has  been  the  means  of  ruining  a 
great  many  stockmen,  will  be  a  thing  of  the  past.  The  scarcity  of 
water,  coupled  with  the  small  carrying  capacity  of  the  i-anges,  compels 
cattle  to  travel  long  distances.  These  distances  would  be  considered 
prohibitive  upon  the  native  pasture  lands  of  the  Great  Plains;  but  the 
development  of  water  at  intervals  of  2  or  3  miles,  such  as  is  advocated 
and  practiced  there,  could  not  be  thought  of  here  on  account  of  the 
great  expense  and  proportionally  small  returns. 

The  readiness  with  which  stock  of  all  kinds  adapt  themselves  to  the 
enforced  conditions  of  shortage  of  water  is  remarkable.  It  is  not, 
however,  without  great  loss  at  certain  seasons,  and  it  is  those  who 
make  the  best  provision  for  watering  who  are  the  most  successful  in 
the  business.  The  influence  of  a  good  supply  of  wholesome  water  is 
very  noticeable  during  the  dry  season  from  April  to  July.  Abun- 
dant opportunit}'  was  had  during  the  past  year  for  observation  on  this 
point,  inasmuch  as  the  greater  part  of  the  dry  season  was  spent  in  the 
southern  portion  of  the  Territory.  It  was  evident  that  cattle  having 
plenty  of  water  and  living  upon  mesquite  and  cat-claw  browse  were 
able  to  live  through  this  period  in  better  condition  tlian  those  upon 
better  pastures  but  with  inconvenient  water  supply. 

It  is  not  to  he  supposed  that  cattle  go  to  water  even  once  a  daj^  when 
feeding  grounds  are  so  remote.  Indeed,  the  habits  of  cattle  have 
been  so  often  observed  by  so  many  people  that  it  is  well  known  that 
they  very  often,  even  during  the  hottest  weather  of  summer,  go  to 
water  regularly  only  every  second  or  sometimes  every  third  day,  if 
the  distance  is  very  great  between  water  and  feed.  Mr.  Truax,  fore- 
man of  a  cattle  company  of  Apache  County,  relates  some  of  his  expe- 
riences in  this  matter.  A  few  days  before  arrival  at  his  ranch,  on  the 
9th  of  August,  he  followed  a  bunch  of  cattle  which  watered  at  the 
corral  at  daylight  in  the  morning.     About  the  middle  of  the  afternoon 
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thev  were  8  miles  from  the  ranch.  He  further  states  that  hiH  cattle 
often  go  10  or  15  miles  away  from  water.  It  hardly  seems  probable, 
ho^vever,  that  cattle  can  accastom  themselves  to  living  over  twent}'- 
four  hours  without  suffering  in  the  extreme  heat  of  summer,  although 
they  thrive  for  a  much  longer  period,  as  shown  by  the  following 
sig'ned  statement,  which  was  recently  furnished  at  my  request: 

Helvetia,  Ariz.,  July  13, 1903. 
In  the  month  of  July,  1900,  in  building  a  fence  for  a  pasture,  we  incloned  a  3-year- 
ol<i  steer.    The  fence  was  completed  on  the  5th  of  July,  and  the  steer  to  our  knowl- 
edge was  in  our  pasture  thirteen  days  without  water.    We  will  state  further  that 
there  was  no  grass  in  the  pasture,  but  there  was  plenty  of  mesc^uite  and  cat-claw 

l>row6e. 

W.  B.  McCleary. 

J.  Martin. 

Mr.  Truax  relates  a  still  more  remarkable  instance  than  this  one,  in 
which  he  states  that  his  men  accidentally  inclosed  a  cow  and  calf  in  a 
dr}'  pasture  in  the  month  of  July,  where  they  remained  for  a  period 
of  fifteen  days  before  being  discovered.  The  calf  at  the  end  of  the 
period  was  in  apparently  good  condition,  but  the  cow  could  not  have 
lived  much  longer.  These  extreme  cases  are  quoted  to  show  that  it  is 
not  at  all  impossible  for  stock  to  live  regularly  even  under  this  sub- 
tropical heat  with  but  two  or  three  waterings  per  week,  although  the 
pi"actice  can  not  be  upheld  where  there  is  any  possibility  of  supplying 
water  at  shorter  intervals  and  more  convenient  distances. 

In  many  countries  where  sheep  are  extensivel}'  raised  they  are 
almost  never  watered,  but  in  dry  regions  water  must  be  supplied, 
although  at  rather  less  frequent  intervals  than  is  the  case  with  cattle. 
Upon  the  high  plateau  of  the  Ash  Fork  and  Seligman  regions  herders 
informed  the  writer  during  the  past  season  that  they  do  not  water 
more  often  than  once  every  eighty  hours  in  the  hottest  weather.  They 
remain  three  nights  away  from  water  with  both  sheep  and  pack  burros. 
In  this  way  they  are  able  to  graze  an  area  around  the  water  supply 
with  a  radius  of  about  6  miles,  or  about  72,000  acres.  Even  with  this 
remarkable  utility  of  water  there  are  large  areas  where  grazing  can 
not  be  done  except  during  the  I'ainy  season  or  in  winter  when  there 
is  snow  upon  the  higher  deviations.  During  a  large  part  of  the  winter, 
when  grazing  is  done  upon  alfilerilla  and  Indian  whctat,  sheep  live  with- 
out water  for  months.  Little  or  no  water  is  needed  even  in  summer 
when  feed  is  green. 

Goats  need  water  more  often  than  sheep,  and  it  is  usually  claimed 
that  they  can  not  get  along  without  water  once  every  twenty-four 
hours.  They  are  much  better  travelers  than  sheep,  however,  and  on 
this  account  fully  as  large  an  area  can  be  grazed  from  one  watering 
place  as  with  sheep.  Mr.  J.  F.  Burns  reports  that  his  600  Angoras 
traveled  14  miles  each  day  for  about  two  weeks  one  year  with  no  appar- 
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ent  inconvenience.  This  means  that  nearly  150,000  acres  could  be 
grazed  from  one  watering  place.  This  amount  of  travel,  however,  is 
excessive,  and  without  doubt  could  not  be  profitably  continued.  Mr. 
Mayer's  herdei*s  report  that  their  flocks  do  not  travel  over  5  miles  per 
day,  but  they  think  that  there  would  be  no  evil  effect  from  driving 
them  farther  than  this.  Considering  the  necessity  of  watering  more 
often,  it  is  probable  that  no  greater  area  can  be*  grazed  with  goats 
than  with  sheep. 

Horses  have  no  difficulty  in  traveling  20  miles  to  water,  it  is  claimed. 
Some  portions  of  Arizona  are  overrun  with  cayuses  of  little  value,  a 
large  number  of  which  are  unbranded  and  badly  inbred.  They  are 
claimed,  of  course,  and,  being  upon  public  range,  can  not  be  gotten 
rid  of..  Horses  and  burros  have  a  decided  advantage  over  cattle,  not 
only  from  the  fact  that  they  are  better  travelers,  but  because  they  are 
able  to  dig  for  water  in  the  sands  of  the  arroyos.  It  is  a  novel  sight 
to  the  uninitiated  to  see  a  horse  or  burro  up  to  its  knees  in  the  loose 
sand  pawing  for  water.  During  the  summer  rains  the  water  level  is 
high  in  the  arroyo  sand  for  some  time  after  a  shower,  although  there 
may  be  no  running  or  standing  water  for  miles  around.  Horses  and 
burros  very  commonly  supply  themselves  with  water  during  the  sum- 
mer season  in  this  way,  and  are,  therefore,  able  to  graze  upon  lands 
that  cattle  or  even  sheep  can  not  reach.  Plate  HI,  figure  1,  shows 
horses  digging  for  water  in  a  small  arroyo  at  the  western  base  of. 
Pyramid  Ilill,  within  the  present  inclosed  area  on  the  Santa  Rita  For- 
est Reserve. 

By  far  the  greater  number  of  sheep  and  goats  are  summered  in  the 
great  highland  region  of  the  San  Francisco,  MogoUon,  and  White 
mountains,  and  wintered  upon  the  deserts  of  the  Salt,  Colorado,  and 
Little  Colorado  river  valleys.  This  statement  should  be  modified  by 
the  assertion  that  the  Navajo  and  Moqui  sheep  are  not  included.  The 
rainfall  is  so  variable,  however,  that  there  is  no  regularity  in  the 
migrations.  The  exact  locality  where  a  man  winters  depends  entirely 
upon  the  distribution  of  the  rainfall  of  the  late  autumn  of  that  par- 
ticular season. 

THE   SEASONS. 

There  are  in  southern  Arizona  two  distinct  seasons  of  feed  produc- 
tion; in  other  words,  two  seasons  of  plant  growth.  Tliey  are  totally 
different  in  the  class  of  plants  which  they  produce;  indeed,  one  can 
almost  recognize  three  seasons  of  growth  if  he  takes  into  considemtion 
those  plants  which  grow  well  during  the  hot  weather  of  May  and  June 
upon  the  moisture  which  they  have  stored  up  during  the  winter. 

The  first  season  draws  to  a  close  with  the  advent  of  the  April 
drought,  which  continues  to  the  first  of  July.  The  second  begins 
with  the  summer  rains  of  July  and  terminates  e^rly  in  October.    The 
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spring  season  is  largely  dependent  upon  fall  rains  to  start  the  vegeta- 
tion, which  grows  very  slowly  during  the  winter  and  matures  in  the 
spring.  Of  course  not  all  of  the  spring  plants  germinate  in  the 
autumn,  but  there  is  a  large  class  of  very  conspicuous  and  important 
things  which  do  germinate  as  early  as  the  latter  part  of  September, 
make  a  good  growth  before  the  cold  weather  sets  in,  grow  very  slowly 
during  the  cold  weather,  and  mature  in  the  spring.  This  cycle  is 
entirely  dependent,  however,  upon  the  distribution  of  moisture.  If 
the  months  of  September  and  October  are  dry  no  germination  takes 
place  until  moisture  comes  in  late  winter.  If  this  continues  long 
enough  in  the  spring  a  crop  matures;  but  if  not,  as  is  usually  the  case, 
these  plants  dry  up  and  there  is  no  more  feed  produced  until  the  sum- 
mer rains  come  again. 

From  April  to  June,  although  it  is  very  dry,  there  is  a  considerable 
development  of  plants  which  have  some  special  provision  for  retaining 
or  securing  a  supply  of  moisture.     The  development  of  these  is  usually 
not  perceptible  until  the  season  of  drought.     Indeed,  it  is  after  the 
dry  hot  season  begins  that  they  begin  their  growth.    Attention  should 
be  called  here  to  the  fact  that  it  is  only  those  plants  which  have  means 
of  supplying  themselves  with  water  that  grow  during  the  dry  season. 
Those  plants  protected  by  varnish,  or  by  having  power  to  discard  their 
leaves,  etc.,  use  these  contrivances  to  enable  them  to  live,  not  grow, 
during  the  dry  season.     The  case  is  very  different  with  the  majority 
of  the  cacti,  which  store  vast  quantities  of  water  in  their  tissues. 
They  grow  without  apparent  hindrance  through  the  dry  season  of 
early  summer.     They  are  of  value  as  food  for  stock,  and  would  be 
closely  grazed  were  it  not  for  their  offensive  spines.     The  native 
gourds,  deviTs  claw,  the  native  night-blooming  cereus  {(Wens  greggii)^ 
one  of   the  ground  plums    (Physalis   sp.),    birthwort    {Aristohchla 
hrt'^npes)^  and  numerous  others  that  might  be  enumerated,  have  storage 
re^servoirs  in  the  form  of  enlarged  roots.     These  plants,  however,  are 
of  little  forage  value.     The  mesquite,  on  the  contrary,  is  able  to  thrive 
through   a  long  p)eriod  of  drought  with  no  appreciable  storage  of 
water,  but  it  is  a  very^ep-rooted  plant,  and  growing  to  best  advan- 
tage along  river  courses  and  arroyos  it  gets  water  from  the  deeper 
strata  there  much  longer  than  the  shallow- rooted  plants,  and  is  there- 
fore able  to  grow  well  into  the  summer  dry  season,  if  not  fully  through 
it  into  the  moist  summer  season  without  being  checked.     During  the 
past  year  this  tree  was  in   full  bloom  about  the  middle  of  May  upon 
the  noilh western  part  of  the  large  inclosure,  and  it  was  almost  com- 
pletely defoliated  by  a  lepidopterous  larva  by  the  last  of  the  month. 
On  the  20th  of  June  it  was  again  in  full  bloom  and  had  nearly  recov- 
ered from  the  effects  of  the  defoliation.     During  the  period  from 
April  to  June  there  had  been  2.9  inches  of  rain  at  McCleary's  camp, 
and  but  0.42   inch  at  Tucson.     The   rainfall   in  the  mountains  at 
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McCleary's  did  not  reach  the  area  in  question,  and  as  nearly  as  can  be 
judged  the  rainfall  here  at  this  period  was  little  if  any  greater  than  at 
Tucson.  The  eflfeet  upon  the  deep  sands  of  the  washes,  howev^er,  was 
considerable,  no  doubt,  and  the  deep  roots  of  the  shrubs  were  able  to 
profit  by  it. 

The  winter  season  is  characterized  by  an  abundant  (relative)  growth 
of  short-lived  annuals.     Some  of  these,  as  before  stated,  start  their 
growth  in  October,  or  even  September,  at  the  close  of  the  summer 
rainy  season.     Among  these  may  be  mentioned  A^c^^x^arya  Unearis^ 
alfilerilla,  Indian  wheat,  and  a  large  number  of  boraginaceous  plants 
which  furnish  a  great  deal  of  feed.     Between  this  time  and  the  1st  of 
February  (it  is  not  definitely  known  at  what  time,  and,  indeed,  the 
time  varies  owing  to  the  variation  in  precipitation)  there  appear  a  host 
of  other  short-lived  plants,  a  large  number  of  which  are  of  some  for- 
age value.     These  are  ephemeral,  especially  in  their  effect  upon  the 
landscape  and  in  their  forage  utility,  although  they  are  really  in  the 
vegetative  state  a  considerable  period.     The  time  of  maturity  of  these 
winter  and  spring  annuals  in  the  same  season  is  very  variable,  there 
being  from  two  to  three  weeks'  difference  between  the  mesas  about 
Tucson  and  the  northern  slope  of  the  Santa  Rita  Mountains  or  the  east- 
ern slope  of  the  Babuquivaris.     This  vernal  development  is  mostly  con- 
fined to  altitudes  below  4,000  feet  in  southern  Arizona,  the  regions 
above  this  having  really  but  one  prominent  vegetative  season.     The 
cause  of  this  is  mainly  the  lower  temperatures  of  the  higher  altitudes, 
there  being  too  low  a  temperature  for  the  growth  of  the  annuals  at  a 
time  when  the  winter  and  early  spring  moisture  is  present.     By  the 
time  the  temperature  is  high  enough  for  plant  growth  the  moist  con- 
ditions have  disappeared,  and  there  is  practically  no  growth  of  vege- 
tation, except  during  the  summer  rainy  season.     A  very  large  part  of 
the  best  pasture  lands  of  this  section,  therefore,  has  but  one  season  of 
plant  growth. 

The  summer  season  is  characterized  by  the  production  of  grassas  of  a 
great  variety  of  species.  Upon  the  lowlands  the  greatest  development 
is  upon  the  flooded  areas,  which  were  much  more  abundant  formerly  thjin 
they  are  now,  owing  to  the  excessive  erosion  which  has  taken  place  dur- 
ing recent  years.  Upon  the  mesas  there  is  but  little  development  of  per- 
ennial grassesas  a  usual  thing,  unless  these  mesas  be  high.  In  favorable 
places  and  in  favorable  seasons  there  are  a  few  perennials  which  make 
considerable  feed.  Upon  the  mesa  swales  gallcta  {iniai'la^mitica)  is  an 
important  grass,  while  upon  the  less  favorable  situations  species  of 
grama  grass  sometimes  make  a  thin  growth.  It  is  on  the  foothills  and 
mountains  that  the  grasses  make  their  best  and  most  pronounced 
growth.  Here  the  rainfall  is  more  abundant  during  the  summer  sea.son 
than  upon  the  lower  areas,  although  there  may  not  be  such  a  difference 
in  the  winter  rainy  season,  and  the  growth  of  grasses  is  proportionately 
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larger.  Nearly  all  grassas  are  in  bunches  and  often  ^'ow  2  or  3  feet 
high,  but  always  scattering.  It  is  only  in  favomble  depressions,  where 
the  land  gets  an  increased  quantity  of  moisture  that  there  is  a  sufficient 
amount  of  development  to  produce  a  complete  ground  cover.  The 
summer  season  of  growth  depends  not  only  on  the  amount  of  rainfall, 
but  upon  its  distribution  during  the  period  from  eluly  to  September. 
The  following  table  of  rainfall,  prepared  from  Weather  Bureau 
observations  at  Tuscon  during  the  years  1902  and  1903,  illustrates  very 
nicely  the  difference  between  what  are  considered  years  of  plenty  and 
years  of  famine  in  the  I'ange  business  in  this  region: 

Table  showing  difference  in  amount  and  diMrihiUion  of  preHpiUition  in  a  good  and  in  a 

poor  season. 

[Precipitation  expressed  in  inches.] 


Month. 

Year. 

1. 

2. 

3. 

4. 

5. 

1 
6. 

1 

7.        8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

January... 

1902 
1903 

! 

"■ 



1 

1 



1.... 

February..    1902 
1908 

.   .   .'     ...1 

1 

1 

0.20 

O.ll 

.....'0.14 

1 

10.31 

0.02 

.....     ....-!..... 

o.os 



0.25    .... 

March 1902 

O.Ol 

1 

1 

1903 

.03 

.01 

0.01      T. 

1 

'                               1 

1 

April 1902 

1..... 



1 

----- 

1 

1903 
1902 
1903 
1902 
1903 
1902 
1903 
1902 
1903 
1902 
1903 
1902 
1903 
1902 
1903 
1902 
1903 

1 

1 

1 

May 

J 

T. 

....J 

T. 
T. 

T. 

.07 

1 

T. 

i"""; 

f 

.13 

T 

June 



1 

T. 
T. 

1 

1 

1 

1 

T. 
.01 
T. 

.17 

0.22 

1 

July 

r 

L.... 

j 

.10 
.Oh 

.04  1 

August 

1 

1 

T ^ 

.Afi 

•  •  «  ■  ■ 

T. 

.05 

.16 

T. 

.11 

.06 

.14 

0.23 

0.JD7     .05 
.97      -03 

T. 
.20 

T. 

.53 

.07 

T. 

0.01 

.11 

.  . .  - 

0.G7 

T.      .0.1 

September. 

T. 

T. 

T. 

.16 

i...  . 

.01 

■ 

October 

1 

1 

1 

1 

NoT«niber. 

1 

.21 

.29 

# 

..... 

1 

....   ■ 

1 

Decern  b<?r . 

! 1 

0  50 

.01 

.42 

T. 

'     1 

.10 

.14 

.m 

.01 

1     'i " 



1  '   ' 
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Table  showing  difference  in  amount  and  distrUiuiion  of  precipitation  in  a  good  and  in  a 

poor  season — Continued. 


Month. 

Year. 

1902 
1903 
1902 
1903 
1902 
1903 
1902 
1903 
1902 
1903 
1909 

17. 

18. 

19. 

20. 

21. 

22. 

23. 

24. 

25. 
0.10 

26. 
0.09 

27. 
T. 

28. 

29. 
0.20 

30. 
0.14 

31. 

o 

January . . . 

a53 

■ 

February . . 

t 

T. 
T. 

1.11 

March 

0.02 

1 

0.41 
.03 

T. 
T. 

1 

.44 

1.42 

.13 

1.C3 

April 

T. 

0 

't. 

1 

]  .  _  .  . 

May 

1 

1 

T 

1 

June 

T. 

0.09 

.03 

.07 

.19 

1 

1903 

1..;.. 

.22 

Julv 

1902 
1903 
1902 
1903 

0.05 
.01 

0.21 
T. 

0.01 
.02 
.15 

T. 

•  •  • - 

1 

.42 

w    •«•  J       •-..•.• 



0.04 
T. 

l.'i 

.04 

T. 

T. 
.25 

« 

1.52 

August 

0.05 

1 

1.31 

.01 

.99 

?.67 

SeptembiT. 

1902 

0. 09 

.01 

.09 

<k 

.-« 

1903 
1902 

T. 

T. 

T. 

0.96 

.01 

1.64 

...  I   17 

October 

1 

1 

1   114 

1903 

1 

November. 

1902 

T. 

.•16 

.02 

T. 

.40 

I  34 

1903 
1902 
1903 

December  . 

1 

>.32 

'  15 

1 

'.»8 

1 

Seveml  important  points  should  he  noted  in  connection  with  this 
table  of  rainfall.  Although  arranged  by  calendar  years,  it  should  not 
be  studied  according  to  this  division,  although  this  might  be  done  in 
other  regions.  The  total  rainfall  of  these  two  years  was  practically 
the  same,  but  the  good  rains  of  October  and  November,  1902,  with  the 
I'ainfall  of  March  and  April,  1908,  were  the  means  of  producing  good 
feed  during  the  early  part  of  the  latter  3'ear,  while  the  rainfall  of  the 
latter  half  of  the  year  1902,  although  above  normal,  produced  very 
|K)or  summer  feed  on  account  of  its  improper  distribution.  It  fell 
mainly  between  the  29th  of  Octobei*  and  the  14th  of  Deceral>er,  too 
late  for  the  proper  development  of  the  gra.sses,  whicih  thrive  here  only 
under  intense  heat  and  considerable  nioisture.  The  precipitation  dur' 
ing.Iuly,  August,  and  September,  1903,  was  good  and  well  distributed, 
but  the  fall  during  the  last  three  months  of  the  3*ear  was  too  light  to 
augur  very  auspiciously  for  the  winter  of  1904,  although  the  good 
rainfall  of  September  was  sufficient  to  start  the  annuals  beautifully. 
It  should  be  stated  that  these  conditions  do  not  bear  much  generaliza- 
tion, they  apply  locally  where  the  observations  on  precipitation  were 
made  very  well,  but  they  may  not  apply  at  all  in  localities  somewhat 
removed.  For  instance,  the  feed  upon  the  inclosure  in  the  Santa  Rita 
Mountains  was  much  better  in  the  summer  of  1902  than  in  the  same 
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sea-son  of  1903.  This,  of  course,  was  due  to  a  difference  in  conditions, 
'which  is  shown  by  the  following  table,  In  which  it  will  be  seen  that 
th©  rainfall  of  July  was  just  twice  as  great  at  McCleary's  camp  as  at 
Tixcson,  slightly  less  in  August,  but  still  a  good  amount,  and  decidedly 
moire  in  September: 

Ojmparison  of  monthly  totals  of  precipiUitUm  at  Tucsani  and  McCleary^n  cainp.^ 


Month. 


J&nnary 

F«?l>niary 

MLalch 

J^pril . 

May 

June 

July 

A.l]gU8t 

S<?ptember 

October 

29oTember 

December 

Yearly  total 


Tucson. 


1902. 


Inches. 

0.53 

.00 

.44 

.00 

.00 

.19 

.42 

1.31 

.58 

1.64 

1.34 

2.15 


1903. 


Inches. 

0.00 

l.U 

1.63 

.00 

.20 

.22 

1.52 

2.67 

1.17 

.00 

.00 

.28 


8.60 


8.88 


Avenige.  I      1902. 


McCleary's  camp. 
1903. 


Inches. 

0.2-1 
.55 

1.02 
.00 
.10 
.20 
.  99 

1.96 
.70 
.82 
.71 
.71 


Inches. 

0.67 

.00 

.85 

.11 

.15 

.50 

.90 

3.07 

3. 45 

.15 

2.72 

1.05 


8.74 


13.62 


Inches. 
0.10 
1.48 
1.69 

.to 

.  99 

1.10 

3.04 

2.45 

1.99 

.00 

.00 

.12 

12.86 


Average. 

Inches. 

0.38 

.74 

1.22 

.05 

.57 

.80 

1.97 

2.76 

2.72 

.07 

1.36 

.58 

13.21 


«Obflervation«  at  Tucson  from  U.  S.  Weather  Bureau  reconlH,  and  at  McCleary's 
camp  by  Mr.  W.  B.  McCleary. 

The  unproductive  condition  of  the  present  public  lands  is  often 
attributed  to  drought  during  recentyears.  It  is  a  very  common  thing 
to  hear  ranchers  speak  of  the  prolonged  droughts  during  the  last  few 
years,  and  attribute  to  these  the  shortage  in  feed  and  the  consequent 
decrease  in  the  cattle  industry.  The  majority  of  ranchers,  however, 
agree  that  the  carrying  capacity  of  the  lands  is  necessarily  small  and 
always  has  been,  but  that  they  were  led  to  believe  in  the  early  history 
of  the  cattle  business  and  at  a  time  when  the  old  vegetation  upon 
the  ground  was  an  accumulation  of  long  standing  that  the  carrying 
capacity  was  much  greater  than  it  really  is.  This  old  vegetation 
having  been  eaten  off  and  tramped  out  by  more  stock  than  ever  should 
have  been  placed  upon  the  land,  coupled  with  the  evil  effects  of 
erosion,  described  elsewhere,  account  for  the  present  conditions. 

The  following  table  shows  that  the  precipitation  during  the  past  five 
years  has  been  somewhat  less  than  during  the  previous  four  years, 
and  that  the  average  for  the  past  five  years  has  been,  but  0.95  inch 
less  than  the  average  for  the  past  fourteen  years.  This  table,  pre- 
pared from  Weather  Bureau  observations  at  Tucson,  shows  the  total  of 
precipitation  by  months  and  years  for  the  past  fourteen  years. 
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Monthly  totals  of  predpiiaiion  at  Tucson^  Ariz. ^  for  fourteen  years. 


Year. 


1890. 
1891. 
1892. 
1893. 
1894. 
1895. 
1896. 
1897. 
1898. 
1899. 
1900. 
1901. 
1902. 
1908. 


Jan. 

In. 

0.63 
.12 

1.52 
.27 
.11 
.56 
.53 

1.79 

1.10 
.78 
.16 

1.15 
.53 
.00 


Feb.    Mar. 


In. 

0.62 

2.08 

2.63 

.82 

1.04 

T. 

.08 

.08 

.T. 

.39 

.49 

1.38 

T. 

1.11 


In. 

0.62 

.17 

.98 

1.16 

1.17 

.00 

.27 

.13 

.63 

.37 

.M 

.6^1 

.44 


Mean 


9.15  !l0.62  I  8.75 


Apr. 

May. 

1 
June. 

In. 

In. 

In. 

1 

0.59 

0.75 

0.83 

.00 

.18 

.'22 

.18. 

.17 

.10 

T. 

.75 

.00 

T. 

.05 

T. 

T. 

:o9 

.02 

.12 

T. 

.19 

.00 

.00 

.00 

1.0) 

.00 

.20 

.62 

T. 

1.27 

1.12 

T. 

.17 

.04 

.41 

.00 

T. 

T. 

.19 

.00 

.20 

.22 

3.72 

2. 60 

3.41 

July. 


In. 
0.88 

.70 
1.00 
2.78 
1.60 

.11 
8.45 
1.98 
3.22 
1.87 

.(k5 
2.57 

.42 
1. 52 


22. 75 


Aug.  I  Sept.    Oct.    Nov.    Dec 


In. 
0.83 
2.26 
2.14 
5.40 
1.01 
4.48 
1.25 
3.42 
3.94 
1.82 

.95 
1.99 
1.31 
2.07 


In. 

0.77 
.65 
.37 

1.02 
.12 
.75 

1.13 

2.71 
.10 
.03 
.85 
.28 

.58  ; 

1.17  I 


In. 

0.86 
.00 
.27 
.00 
.31 
.68 

3.31 
.54 
.00 
.67 
.41 

1.18 

1.64 
.00 


In. 

0.60 

.00 

T. 

.43 

.00 

4.30 
.30 
.00 
.85 
.56 

2.46 
.08 

1.34 
.08 


2. 39 


75 


.71 


.78 


In. 

0.52 
.23 
.25 
.49 

1.88 
.08 
.76 
.11 

1.63 

T. 

T. 

.00 

2.15 
.28 


Total. 


In. 

8.30 

6.61 

9.61 

13.12 

7.29 

11.07 

11.39 

10.96 

12.72 

8.38 

7.79 

9.72 

a60 

8w8e 


.60 


9.60 


EROSION. 

The  entire  absence  of  a  sod,  a  soil  very  slowly  permeable  when  once 
thoroughly  dried,  steep  grades,  violent  windstorms,  and  torrential 
rainfalls  of  short  duration  are  the  elements  which  are  calculated  to 
produce  erosion  in  its  most  violent  forms.  Coupled  with  these  natural 
conditions,  excessive  stocking,  with  scarcity  of  water,  compelling  cat- 
tle to  travel  long  distances  to  feeding  grounds  over  surfaces  easily 
pulverized,  enhances  very  much  the  erosive  action  of  the  natural 
elements.  There  always  were  deep  gorges,  cuts,  arroyos,  and  washes 
in  the  foothills,  mesas,  and  other  sections  having  steep  grades;  but  the 
cutting  of  the  river  channels  into  deep  gorges  which  effectually  drain 
the  bottoms  instead  of  allowing  the  water  to  spread  over  the  broad, 
fertile  lands  is  a  distinctly  modern  condition,  directly  traceable  to  the 
effect  of  the  white  man's  operations.     (PI.  V,  fig.  2.) 

One  of  the  most  serious  questions  which  confronts  the  rancher  to-day 
is  how  to  prevent  this  gullying.  While  the  loss  of  the  land  itself  is 
not,  the  loss  of  the  water  is  a  serious  matter.  The  flood  waters 
which  once  spread  over  the  river  bottoms  with  practically  no  channel 
are  now  sunken  from  a  few  feet  to  20  feet  below  the  surface,  and  are 
carried  off,  together  with  all  the  rich  sediment  which  they  contain. 

Several  ranchers  whom  the  writer  has  met  have  been  obliged,  within 
recent  years,  to  devise  means  to  mitigate  this  evil.  It  is  often  impos- 
sible or  impracticable  to  do  anything  in  those  cases  where  the  cutting 
has  progressed  very  far,  but  on  the  other  hand  it  is  not  at  all  impos- 
sible nor  impracticable  to  prevent  further  depredation  by  attacking 
the  matter  at  the  most  advantageous  point.  The  diflBculty  with  work 
of  this  kind  is  its  expense  compared  with  the  productivity  of  the  land 
when  no  water  is  present  for  irrigation. 
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Two  general  processes  are  in  vogue  for  counteracting  the  effect  of 
the  sinking  of  the  water  channels.     The  first  consists  in  planting  some 
soil-binding  grass  in  such  situations  for  the  purpose  of  preventing 
further  difficulty.     This  is  usuall}''  a  remedial  measure  which  does  not 
get  at  the  root  of  the  matter  and  is  capable  of  but  limited  application 
after  the  destruction  is  well  under  way.     It  can  be  applied  in  this 
region  in  situations  which  receive  flood  waters  from  higher  localities. 
The  soiLs  where  it  is  attempted  must  already  be  reasonably  stable  in 
order  to  allow  the  grass  to  get  a  foothold.     Mr.  Harry  L.  Heffner, 
manager  of  the  Empire  Cattle  Company,  has  experimented  a  great 
deal  in  this  matter.     The  plan  which  he  has  adopted. has  been  to  estab- 
lish plantsitions  of  Johnson  grass  upon  the  lands  near  the  ends  of  the 
deep,  jiarrow  gorges  and  washes  which  approach  the  Pantano  Wash, 
between  the  Santa  Rita  and  Whetstone  mountains.    In  these  situations 
considerable  areas  of  comparatively  level  lands  arc  flooded  one  to  three 
times  during  the  year.     Were  three  irrigations  certain  each  year,  the 
establishment  of  Johnson  grass  on  such  areas  would  be  a  comparatively 
easy  matter.     Indeed,  two  thorough  floodings,  together  with  the  light 
showers  that  normally  occur,  would  insure  the  establishment  of  this 
gras«.     It  has  been  found  that  the  most  successful  method  of  establish- 
ing a  wash -resistant  covering  of  this  grass  in  such  situations  is  by 
planting  cuttings.     Sections  of  the  underground  stems,  from  8  to  12 
inches  in  length,  are  inserted  in  the  ground  in  rows  across  the  wash, 
about  3  feet  apart.     In  planting,  a  spade  or  bar  is  used  to  prepare  the 
opening  in  the  soil,  and  simply  the  pressure  of  the  foot  completes  the 
opei-ation  when  the  cutting  has  })een  inserted.    This  operation  is  not  so 
slow  and  tedious  as  would  seem.     The  cuttings  are  easily  dug  or  plowed 
up  from  fields  which  are  in  reasonably  good  tilth,  and  the  planting  is 
accomplished  very  expeditiously.     Bermuda  grass  has  also  been  tried 
in  the  more  moist  situations,  but  with  very  indifferent  success  thus 
far.     This  grass  requires  more  moisture  than  it  is  possible  to  secure 
for  it  here,  except  where  irrigation  is  practiced. 

The  second  method  in  vogue  to  check  and  repair  the  damage  done 
by  flood  waters  is  by  the  erection  of  embankments  across  the  cuts,  the 
object  in  all  cases  being  to  turn  the  water  from  its  course  on  to  higher 
lands  and  compel  it  to  spread  out  over  them  instead  of  following  the 
recrular  channel.  Brush,  stone,  and  earth  are  used  in  the  formation 
of  these  embankments,  which  must  be  strong  enough  to  witlistand  a 
great  pressure  until  the  course  of  the  waters  is  once  turned.  When 
once  the  flow  has  been  checked  the  filling  up  and  leveling  off  of  the 
gullies  for  some  distance  above  the  dams  is  quickly  accomplished  by 
the  watere,  which  contain  large  volumes  of  sediment.  The  filling  up 
process  below  the  dam  is  a  slow  one,  but  the  turning  of  the  water 
from  its  course  prevents  further  erosive  action.  Several  small  works 
of  this  nature  have  been  observed  in  the  valleys  of  the  Little  Colorado 
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and  White  rivers  and  some  are  under,  contemplation  by  Messrs.  Vail 
&  Wakefield  in  the  Altar  Valley  near  the  Mexican  border. 

THE  PRAHtlE  DOG. 

This  little  animal,  which  has  caused  such  devastation  throughout  the 
plains  region  since  its  enemies  have  been  killed  by  the  rancher  and 
his  herdsmen,  is  without  doubt  migrating  into  new  territory.     The 
destruction  wrought  by  it  is  more  pronounced  east  and  north  of  the 
divide  of  the  San  Francisco  and  White  mountains  than  anywhere  else 
in  Arizona.     Large  areas  have  been  completely  overrun  in  the  vicinity 
of  Flagstaff.     In  August  a  trip  was  taken  through  a  very  badly  infested 
area  between  Adamana  and  the  White  Mountains.     PI.  X,  fig.  2,  shows 
an  infested  area  on  the  northern  slope  of  the  White  Mountains,  which 
represents  in  some  respects  the  greatest  injury  that  has  been  observed 
in  any  region  in  the  Territory.     It  is  seldom  that  one  can  secure  a 
photographic  representation  of  the  work  of  the  pmiric  dog,  but  here 
the  lime  pebbles — or  rather  the  lime-covered  malpais  rocks  and  peb- 
bles— thrown  out  of  the  burrows  furnish  a  sufficient  contrast  to  the 
black  malpais  rocks  and  bare  ground  to  give  a  fairly  good  representa- 
tion of  the  extent  of  the  operations  carried  on  by  these  animals.     There 
were  no  perennial  grasses  in  the  infested  area,  and  but  little  vegeta- 
tion of  any  kind.     No  area  which  has  been  visited  within  the  Territory 
is  so  badly  overrun  by  these  animals  as  that  in  the  vicinity  of  the  old 
Twenty-four  Ranch  and  southward  to  the  base  of  these  mountains. 

RANGE  FEED. 

There  is  without  doubt  no  part  of  the  country  where  the  character 
of  the  native  feed  is  so  variable  as  it  is,  in  the  Southwest;  and  this  in 
spite  of  the  fact  that  the  aggregate  yield  per  acre  is  very  low,  and 
that  two  crops  are  produced  each  year  upon  a  large  part  of  the  I'ange 
country.  We  have  a  carrying  capacity  here  varying  from  one 
animal  to  40  or  50  acres  to  one  animal  to  100  acres,  as  compared  with 
one  to  15  acres  in  portions  of  the  Great  Plains.  At  the  same  time, 
the  grasses,  which  are  practically  the  only  forage  plants  in  the  latter 
region,  are  much  less  numerous  there  than  in  the  Southwest — much 
less  numerous  in  point  of  species.  Some  of  the  most  important  groups 
of  forage  plants  are  discussed  below. 

THK   GRA.SSES. 

While  it  may  be  stated  in  general  that  of  the  forage  production  of 
the  Territory  as  a  whole  the  grasses  form  the  most  important  part, 
yet  the  grass  production  is  confined  to  the  summer  season  of  rain,  and 
consequently  there  is  a  large  part  of  the  year  during  which  all  stock 
is  obliged  to  subsist  on  other  things.  The  grasses  furnish  good  feed 
from  July  to  the  1st  of  January,  but  after  that  date,  if  the  normal 
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winter  precipitation  occurs,  what  is  left  of  them  is  quite  well  bleached 
out.     The  value  of  grass  for  winter  feeding  alwa^-s  dej:)ends  upon  its 
l>eiiig  dr}'  cured.     When  the  winter  rains  come,  therefore,  stock  begin 
to    shun  the  old  gi-ass  in  proportion  as  the  succulent  annual  stuff 
develops.     During  this  cold  winter  and  spring  moist  season  there  are, 
however,  a  few  grasses  which  are  of  some  importance  in  the  forage 
ration  upon  the  range.     The  most  important  of  these  are  Brom  uj<  car- 
iii^iUis^  Po4i  longipf^d imcuhita^  P,  feiidlerlajia^  P.  higelovii^  and  Festuca 
**<'foJlora,     Occasionally,  however,  the  winter  rains  are  prolonged  into 
the  warm  spring  season  sufficiently  to  allow  the  perennial  grasses,  of 
^'hich  the  gramas  upon  the  open  foothills  are  the  most  important,  to 
l^et  a  start.     In  such  a  season  there  is  some  good  feed  produced  by 
these  in  the  spring,  but  this  condition  is  an  exceptional  one,  and  we 
may  say  that  as  a  general  rule  the  perennial  grasses  which  furnish 
the  feed  of  midsummer  to  winter  season  do  not  grow  at  all  in  the 
spring.     There  is  abundant  evidence,  however,  that  they  would  fur- 
nish  two  crops   if  the  moisture  and  temperature   conditions   were 
favorable. 

The  most  important  of   the  grasses  belong   to  the  group  known 
j)opularly  as  gramas  {Boutehud  spp.),  some  of  which  are  perennial 
and  some  annual.     The  perennials  grow  in  the  higher  altitud(»s,  and 
are  mainly  Bouteloua  ollgostacfuja^  /?.  curtipeiuhiUi^  B.  hrotnolde^s^  B, 
rothr(M*k'ii^   B,  hirsute ^  B,  eriopod^t^  and  B,  harardli^  with  consider- 
able areas  of  B.  tvifida  upon  some  stony,  bare,  high  foothills.     These 
furnish  the  best  and  most  important  range  feed.      Btnitelona  rothrockll 
extends  to  lower  altitudes  than  the  others,  and  at  times  is  strictiv  a 
mesa  plant,  furnishing  upon  favorable  places  and  in  favorable  seasons 
a  thin  stand  of  large  bunches.     It  is  in  the  open  foothills,  however, 
that  this  species  reaches  its  best  development.     Here,  together  with 
other  species  of  lesser  imix)rtance,  it  often  makes  suthcient  growth  for 
hay.     The  open  foothills  of  the  Whetstone,  Huachuca.  Santa  Rita,  and 
Babuquivari  mountains,   the  Sulphur   Spring  Valley,  and  the  high 
mesas  between  the  Santa  Catalina  and  Willow  Spring  mountains  fur- 
nish extensive  areas  of  this  grass  in  favorable  seasons.    It  is  interesting 
to  compare  this  distribution  with  similar  situations  in  the  Mesilla  Val- 
ley of  New  Mexico,  where  Professor  Wooton  states  that  Bontdoua 
f^riojyoda^  which  is  never  an  exclusive  crop  in  southern  Arizona,  is 
often  cut  for  hay.     All  of  these  species  occur  in  the  southern  part  of 
Arizona,  but  it  is  the  blue  grama  i^Boatelonn  oligtrntachija)  that  is  of  the 
greatest  importance  in  the  northern  part.     Here  it  i^  by  far  the  most 
important  grass  upon  the  high  plateau  surrounding  the  San  Francisco 
and  contiguous  divides.     Many  of  the  juniper  ridges  so  characteristic 
here  have  practically  no  other  grass,  and  even  this  makes  only  a  thin, 
short  growth  very  different  from  its  habit  in  the  southern  part  of  the 
Territorv,  where  it  assumes  a  more  erect  and  robust  character.     The 
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northeastern  part  of  Arizona,  especially  from  Navajo  to  ('hin  Lee, 
and  southward  to  the  Long  H  Ranch  and  St.  Johns  does  not  differ 
materially  in  the  higher  elevations  from  the  lower  juniper  areas  of 
the  plateau  region.  The  three  annual  species  of  grama  {Boxiteloua 
aristidoidea^  B,  polystachya^  and  B,  prostraia)  furnish  feed  of  a  pjoorer 
quality  and  shorter'duration  than  the  perennial  ones.  The  first  two 
species  are  found  most  abundantly  from  the  lower  areas  to  the  higher 
foothills  in  the  southern  part  of  the  Territory,  Boxiteloua  polystachy*t 
furnishing  much  the  better  feed  of  the  two,  but  the  quantity  is  smaller. 
The  third  or  prostrate  grama  is  an  important  forage  plant  all  through 
the  pine  region  in  the  geneml  highland  of  the  White,  Mogollon, 
and  San  Francisco  mountains.  At  times  it  also  reaches  favorable 
situations  along  the  Little  Colorado. 

The  main  grass  in  the  lower  areas  in  the  valley  of  the  Little  Colo- 
rado is  SporoholvH  atroidet<.  This  valley  has  much  in  common,  so  far 
as  its  vegetation  is .  concerned,  with  the  valley  of  the  Rio  Grande 
farther  east.  Sporoholus  amddeii  and  salt  grass  {DistlchliH  sjpicatu) 
furnish  the  greatest  amount  of  feed  here,  but  they  never  yield  so 
abundantly  as  thev  do  in  the  Kio  Grande  Valley.  The  former  is  known 
here  as  saccaton,  but  is  verj^  different  from  Sjjm'oMfu^  m'tghtll^  which 
makes  such  a  magnificent  growth  on  some  of  the  river  bottoms  in  the 
southern  part  of  the  Territoiy. 

Galleta  {Hihirla  mutica)  is  an  important  grass  throughout  Arizona, 
although  not  by  any  means  so  palatable  as  the  gramas.  It  nearly 
always  occupies  swales  or  depressions  in  the  mesas,  and  for  its  best 
development  gets  one  or  more  irrigations  by  flood  water  during  the 
year.  In  the  past  season  there  were  small  areas  upon  the  mesas  south 
and  east  of  Tucson  that  would  cut  one-fourth  of  a  ton  of  hay  to  the 
acre  of  this  grass.  In  the  northern  portion  of  the  Territory,  especi- 
ally near  Ashfork,  upon  the  Navajo  Reservation,  and  along  the  main 
line  of  the  Santa  Fe  from  the  plateau  region  east,  except  in  the  lower 
areas  along  the  Little  Colorado,  this  must  be  considered  one  of  the 
most  important  grasses.  It  is  often  grazed  to  the  ground  continu- 
ously. Curly  mesquite  {Ililarla  cenchroides)^  a  closely  related  species, 
is  of  great  importance  upon  the  high,  open  foothills,  and  IIUnHa  rigida 
is  characteristic  on  some  of  the  deserts  along  the  (Jila  and  Salt  rivers. 

The  great  highland  region  of  the  San  Francisco  and  White  moun- 
tains furni^^h  as  good  summer  feed  as  any  in  the  Territory,  and  where 
properly  pastured  the  parks  and  open  places  are  quite  productive. 
Here  a  fescue  (Ft>sfuca  arizonlai)  is  probably  the  most  abundant 
grass,  although  sheep  men  sometimes  claim  that  it  is  inferior  in 
quality  to  Sporobolns  interniptiiH^  which  also  grows  to  the  exclusion 
of  all  other  vegetation  over  quite  extensive  areas  upon  thinly  wooded 
plateaus.  Indeed,  Feduca  arlzonica  and  MuhlenhtrgiagTaciUs^  which 
occupy  large  areas,  are  not  considered  such  good  sheep  feed  as  S^h)- 
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t'oh^}I\ii<  interrnptu^.  However,  they  are  all  grazed,  and  thoasands  of 
sheep  live  on  practically  nothing  else  for  a  large  part  of  the  summer. 
Sheep  fe.seiie  (Fesfuca  (^vina  var.)  i.<  common  in  portions  of  the  moun- 
tains, but  it  is  not  so  abundant  nor  so  valuable  as  the  other  species. 
Strange  as  it  may  seem,  the  bluestem  of  the  great  plains  region 
{Af/ropynm  oecidenUiIe)  produces  a  very  important  part  of  the  mnge 
feed  here.  In  open  depressions  there  are  often  pure  stands  of  it, 
which,  during  the  past  season,  would  cut  as  high  as  one-half  ton  to 
the  acre.  Arlf^tida parpurea  is  another  grass  which,  though  not  con- 
sidered the  best  of  feed,  is  very  abundant  in  placets,  and  furnishes 
fiairly  good  gi-azing  when  young.  Among  other  grasses  of  importance 
here  should  be  mentioned  luderla  crfi<tat(i^  SjforohoJ ha  depanperatHH^ 
X.  j^riuffl*^!^  Sckedon  fuirdufi  t(i.rantfx^  A(jro8tis  hyeniaH^^  S!f<fi)!(m  I  on  (ft  ~ 
fnfifUH^  S.  molle^  Bhpharon^nirfm  trlcholepis^  and  Epiaimpeti  lUjulata, 
As  would  be  expected  the  grass  flora  here  is  varied,  but  the  species 
mentioned,  together  with  the  blue  grama,  are  the  most  important 
from  the  stockman's  standpoint. 

Cpon  the  bottom  lands  in  the  southern  part  of  the  Territory  sacca- 
ton  (Spfprohthfit  v^rightli)  is  without  doubt  the  most  im{)ortant,  and 
it  was  much  more  abundant  fonnerly  than  now.  Its  place  is  taken 
on  the  saltier  bottoms  in  the  Salt,  Gila,  Little  Colorado,  and  Sulphur 
Spring  valleys  by  S^xrroholm  a! roid^s. 

The  bhiejoint  grasses  are  of  special  importance  in  the  southern  part 
of  Arizona,  and  furnish  a  great  deal  of  the  summer  feed  in  the  foot- 
hills and  mountains.  They  are  usually  grazed  to  the  ground.  The 
most  important  species  are  Andropogon  mccharoidts^  A,  contort un^  and 
A.  hirtiJtorin<  fiPnnis.  The  first  of  these  often  makes  a  good  crop  on 
usually  limited  highland  depressions.  The  other  two  are  (*ommon  on 
rockv  hillsides. 

There  are  a  number  of  annuals  aside  from  those  noted  above  which 
are  of  much  value  and  often  make  comparatively  large  yields  on  lim- 
ited areas.  Without  doubt  the  most  important  of  these  is  Chlorls  eh- 
(jaiis^  which  in  favorable  seasons  will  sometimes  cut  a  ton  of  hay  to  the 
acre  in  situations  which  receive  an  overflow.  It  is  also  an  important 
constituent  of  the  foothills  range  feed  in  some  localities.  It  was 
especially  abundant  in  the  Sulphur  Spring  Valley  in  1900,  and  upon 
the  eastern  slope  of  the  Santa  Rita  Mountains  in  1902  and  1908. 
ErroMoa  punctata  is  also  an  important  annual,  with  about  the  same 
habits  as  the  former  species,  and  in  the  same  coimection  should  be 
mentioned  EragroHtiM  neo-ntt.acana.  The  triple-awn  grass  {AvhtUia 
ainericana)  is  abundant  in  similar  situations  to  the  six  weeks'  grama. 
While  the  awns  render  this  of  little  value  after  maturity,  it  neverthe- 
less furnishes  some  grazing  early  in  the  rainy  season  upon  the  lower 
foothills  throughout  the  southern  part  of  the  Territory. 
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Of  the  perennial  species  not  previously  mentioned  there  is  a  lai^e 
number  which,  although  not  of  great  importance  in  themselves,  in  the 
aggregate  furnish  considerable  feed.     Pappophorum  m'lghtil  occurs 
in  places  in  the  open  foothills  and  is  of  a  great  deal  of  importance,  and 
the  closely  related  species  J\  vcujluatum  is  generally  found  in  depres- 
sions where  water  accumulates.     In  the  protection  of  bushes  almost 
exclusively  at  the  present  time  is  to  be  found  the  so-called  black  g^rama 
of  this  region  {Muhlenhenjla  pcrrtcn)^  which  is  said  to  have  been  very 
plentiful  at  one  time  upon  open  ground.     This  is  a  very  interesting 
species,  inasmuch  a.s  it  is  one  of  the  few  grasses  of  the  region  which 
has  perennial  culms.     Confined  as  it  is  to  the  protection  of  shrubberi', 
it,  together  with  a  large  amount  of  other  vegetation,  is  left  unmolested 
during  the  fall,  while  the  grasses  on  the  open  ground  are  grazed  off. 
During  the  winter,  however,  this,  as  well  as  Panlcnm  lochnanthum 
and  other  grasses  which  tend  to  seek  this  protection,  are  grazed  off 
clean,  even  when  they  form  a  tangled  mass  with  cat-claw,  me^quite. 
and  cacti.     It  is  v^er}"  interesting  to  note  that  the  gi'asses  are  not 
injured  by  this  form  of  grazing  nearly  so  nmch  as  in  the  open  spaces- 
These  protected  areas  under  shrubbery,  concerning  which  considei-able 
has  been  said  during  recent  years,  are  often  grazed  as  closely  a^s  any 
other,  but  the  grazing  comes  after  the  maturity  of  the  grasses.     Ve^e- 
tjition  growing  in  these  protected  areas  has  several  advantages.     The 
ground  is  not  tramph^d  by  stock,  and  is  kept  in  better  condition  hy  the 
gophers,  which  almost  invariably  buirow  here.     The  leaves  and  twigs 
of  the  bushes  and  joints  of  the  cacti  also  furnish  some  protection  to 
them.     Upon  the  sandy  bottom  Chvioclihni  coiupoHita  and  Sparoholuif 
strictuH  furnish  some  feed,  while  TrIehJoris  faselcHlata  makes  a  thin 
growth  on  moist  areas  and  heavier  soil.     It  is  the  mountain  area.s  that 
furnish  the  greatest  (juantity  of  valuable  feed  in  southern  Arizona. 
The  most  important  grasses  are   the  perennial  gramas.   bluejoint<>, 
lA^ptovhhm  dnhtiK  Lycnni^^  phhtHdtH^  and  several  species  of  Muhleu- 
htrgia.     All  of  these  are  well  mixed  an^  produce  a  very  tall  growth, 
ranging  from  one-half  foot  to  3  feet  high,  but  the  stand  is  always  very 
thin,  except  in  the  most  favorable  situations  where  water  and  sedi- 
ment are  deposited  in  the  more  gently  sloping  ravines  where   the 
steep  mountains  l)reak  oti'  into  open  foothills. 

Upon  the  sand  hills  in  the  valley  of  the  Little  Colorado  there  are 
several  characteristic  grasses,  of  which  sand  gv^^^  {Otlamovilfa  fong!- 
foli(t)^  drop-seed,  {Sj}fproh(Jiis  (/it/an fcHs)^  and  Muldenhergia  pungenn 
are  the  most  imi)ortant. 

PIGWKKI)    FAMILY. 

A  large  (juantity  of  feed  is  produced  by  the  different  plants  which 
belong  to  the  large  natural  group  of  pigwtn^ds.  While  much  of  it  is 
browse,  there  is  nevertheless  some  herbaceous  feed  furnished  bv  the 
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comiuon  pi^weed.s,  several  of  which  ar<'  closely  related  to  the  lanib's- 
quarters. 

Without  doubt  the  saltbushes  furnish  the  largest  amount  of  feed  in 
this  natural  order  and  are  abundantly  distributed  in  many  situations, 
some  upon  alkaline  soil  and  some  upon  land  with  but  little  or  no  salt 
content.     In  the  southern  part  of  Arizona  shad  scale  {Atriph^r  mn*'.^- 
vern*)^    A,  j>fjlycarpi(^   A.   Itntifcyrtais^  and  A.  linear !.h  are  the  most 
abundant  of  the  shrubby  species.     These  are  all  known  to  the  Mexi- 
cans as  chamiso.     The  tirst  is  not  so  prominently  a  salt-loving  plant  as 
the  others,  although  it  often  occurs  upon  somewhat  alkaline  soils.     In 
the  Tucson  region  all  but  the  third  of  these  occur  abundantly  and  are 
invariably  grazed.''     Shad  scale  occurs  in  the  valleys  throughout  the 
Territory,  but  the  other  three  mentioned  above  are  of  most  impoiiance 
in  the  alkaline  valleys  north  and  west  of  the  Tucson  region.     They  are 
especially  abundant  in  the  valleys  of  the  Gila  and  Salt  rivers  and  their 
tributaries^.     Atriplew  lentiformiH  is  the  most  rapidly  growing  sp<»cies 
of  this  genus  with  which  the  writer  is  familiar.     Its  remarkable  devel- 
opment  is  well  illustrated  by  observations  made  in  the  vicinity  of 
Tempo  in  1900.  where  plants  which  had  sprung  up  on  newh'  sulxlued 
land  after  the  removal  of  the  first  crop  of  wheat  w^ere  5^  feet  high  by 
the  1st  of  December.     This  growth  had  been  made  between  the  month 
of  Juntj  and  that  date.*     Near  Tempe  and  Phoenix  it  does  not  apj^ear  to 
b<*  grazed  ver}'  much,  but  upon  the  ranges  along  the  Gila  River  it  is 
not  unconnnon  to  see  canes  one-fourth  of  an  inch  in  diameter  grazed 
off.      Having  al)out  the  same  range  as  the  above*  are  two  annual  spe- 
cies, Atripir,!'  eJexjiUiH^  growing  almost  exclusiv(»ly  upon   nonalkaline 
soil,  and    the  salt-loving  species,   ^I.   hracttosa.     Both  of   these  are 
gi'azed  when  feed  is  scarce.     During  the  past  season  they  were  quite 
closely  cropped  along  the  Santa  Cruz  River  south  of  Tucson.     .1^//- 
])itfj*  elegans  is  a  very  interesting  species  in  many  ways  on  account  of  its 
habit  of  maturing  seed  at  the  close  of  the  winter  rainy  season  and 
again  in  midsummer.     It  therefore,  although  an  annual,  lives  through 
the  hot  dry  weather  of  early  summer  in  the  vegetative  condition.     It 
should  be  noted  that  there  are  some  slight  differences  between  the 
spring  and  summer  forms,  and  the  collections  of  the  writer,  although 
extensive,  fail  to  show  one  of  the  common  autumnal  fruit  foims  at  all 
in  the  spring. 

The  valley  of  the  Little  Colorado  is  especially  noted  for  its  abun- 
dance of  saltbushes,  some  of  which  do  not  grow  elsewhere  in  the 
Territory,  so  far  as  known.  The  saltbush  flora  of  this  region  resem- 
bles that  of  the  valley  of  the  Rio  Grande  in  many  respects.  Here  that 
most  valuable  species,  the  spiny  saltbush  (AfrlpUx  amfertifoJia)^  so 

a  See  Bui.  25,  Diviflion  of  Agrofitology,  V.  S.  Department  of  Agriculture,  1891, 
V\.  XXVI. 

''See  PI.  IV,  tig.  1. 
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abundant  in  the  Great  Basin,  is  perfectly  adapted;  and  Atrlplex  greggii 
covers  very  extensive  areas  on  many  of  the  saline  bottoms  with  an  almost 
pure  growth,  especially  from  Ck)rn  Oeek  southeastward  throug-h  the 
Holbrook,  Adamana,  and  St.  Johns  regions.  Upon  the  Navajo  and 
Mo(|ui  Reservation,  and  indeed  throughout  the  valley  of  the  Little 
Colorado,  shad  scale  tills  a  very  important  place  upon  l)oth  niesa^  and 
bottom  lands.  In  the  petrified  forest  areas  there  occurs  a  shrubby 
species  of  Atripl^ex  (No.  5085),  which  appears  to  be  undescribed.  This 
is  said  to  be  grazed  during  the  winter.  In  this  same  region  Afn'phx 
pawelU^  an  annual  species,  covers  many  areas  of  washed  lands,  while 
Atrlplen'  e.i'panHa  is  abundant  in  some  localities. 

Next  in  importance  to  the  saltbushes  should  be  mentioned  the  white 
sage  {Enrot!a  lanata)^  which  occupies  very  extensive  areas  upon  the 
highlands  in  the  northern  part  of  the  Territory.  It  is  especially 
important,  as  a  winter  feed  only,  in  the  great  highland  region  north 
and  east  of  the  main  div  ide  of  the  San  Francisco  and  contiguous  moun- 
tains. It  is  common  in  places  in  the  higher  situations  in  the  southern 
part  of  the  Territory  also,  but  never  abundant  enough  'to  be  seriously 
considered  in  tlie  range  ration.  It  is  comnion  in  the  Sulphur  Spring 
Valley  and  has  been  collected  upon  the  Santa  Rita  Forest  Reserve. 
Grease  wood  {Snrcohatu*'<  venn  Iculdtii,^)  makes  much  winter  feed  in  all 
the  alkaline  bottoms  of  the  Gila,  Salt,  and  Little  ( 'olorado  v^allevs. 
Red  sage  {Koch la  americana)  is  abundant  enough  to  furnish  some 
winter  feed  in  the  valley  of  the  Little  (yolorado. 

The  common  lamb's-quarters  of  the  East  is  represented  in  Arizona 
by  several  species,  which  are  of  economic  importance.  In  southern 
Arizona  they  are  of  more  importance  in  the  upper  foothills  than  else- 
where, but  in  the  northern  higher  altitudes  they  occupy  the  areas  under 
the  junipers  upon  the  mesas  and  ridges,  and  sometimes  cover  larg^e 
depressions  with  an  almost  pure  growth.  They  furnish  good  summer 
feed,  for  sheep  and  goats  especialh'.  The  species  which  grow  here  ai-e 
Chenopodliualeptophylluni^  C\  Inranum^  (\  freni(mtu^2ir\A  C.  olidiun\ 
(No.  5841).  A  small  annual,  Monoleptn  nuttalUana^  belonging  to  this 
natural  group  makes  a  carpet  in  shallow  depressions  in  the  southern 
part  of  the  Territory  during  the  spring  seiison.  This  is  one  of  the 
plants  to  which  the  Mexicans  apply  the  name  paiofa.  It  is  considered 
good  feed  for  cattle. 

THK   CLOVERS. 

There  are  but  few  situations  in  Arizona  where  the  clovers  are  of 
much  importance,  but  there  are  suggestions  that  they  may  become 
more  abundant  as  time  goes  on.  In  the  northern  mountains  Trifollura 
!nrohtcratian2inA  T.  /w/(/^^>>^*(*over  small  areas  in  moist  situations.  In 
the  canyon  l)ottoms  of  the  southern  mountains,  which  are  devoid  of 
meadows  in  the  ordinar^^  acceptance,  there  grows  a  species  which. 
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althougfh  limited  in  quantity,  makes  denize  mats  over  8mall  areas.  It 
is  to  two  small  annual  species,  Trlfoliuni  gradient nm  and  T,  trlden- 
taUim^  that  the  greatest  interest  attaches,  for  there  are  indications  that 
these  are  introduced  species  which  are  just  beginning  to  assert  them- 
selves in  the  southern  part  of  Arizona.  In  March,  1903,  there  was 
good  feed  produced  bv  these  species  in  several  localities  in  the  Willow 
Spring  Mountains.  Being  associated  here  with  alfilerilla  and  in  the 
direct  path  of  the  early  sheep  migrations  from  California,  it  is  quite 
probable  that  these  have  been  introduced  in  wool  from  California  and 
western  Great  Riusin  points,  where  they  occur  in  considerable  profusion. 
It  is  interesting  to  note  that  the  maturity  of  these  two  species  occurs 
about  two  months  earlier  in  these  mountains  than  in  the  Sierra  Nevada 
Mountains  east  of  Fresno,  Cal.  There  is  a  bare  possibility  that  a 
systematic  effort  to  distribute  these  to  other  mountain  ranges,  either 
by  securing  the  seed  from  the  situations  where  it  is  produced  most 
abundantly  or  by  systematic  herding  in  the  season  when  the  clovers 
are  ripening,  ma\'  result  in  establishing  them,  thereby  increasing  the 
feed  in  the  foothills  and  lower  mountains.  It  is  (juite  certain  that 
thev  will  be  of  value  onlv  in  the  foothills,  below  the  limit  of  winter 
annuals. 

ALFILER1TJ.A.'' 

Upon  the  areas  where  the  alfilerilla  is  thoroughly  established  there 

i.s  no  other  plant,  unless  it  be  Indian  wheat,  which  can  compare  with 

it  in  the  quantit}'  of  feed  which  it  produces  upon  the  desert  mesas  for 

winter  and  spring  gmzing.     There  appears  to  be  no  doubt  that  it  was 

introduced  into  Arizona  by  sheep  from  California  points.     It  is  now 

well  distributed  as  far  south  as  the  northern  slope  of  the  Santa  Cata- 

lina  Mountains  and  up  the  San  Pedro  Valley  as  far  as  Benson.     It  has 

not  spread  very  nuicli  east  of  the  San  Pedro  River.     From  here  it 

extends  northward  and  westward  through  the  desert  areas  and  high 

into  the  plateau  regions  on  the  north  and  west  sides  of  the  Prescott 

highlands;    thence  westward  into  California.     There   are  scattering 

plants  of  it  all  over  the  Territory,  but  it  is  in  the  region  indicated  that 

it  is  of  importance.     It  even  occurs  commonly  upon  the  San  Francisco 

Mountains  at  an  altitude  of  7,()0()  feet,  but  it  is  never  abundant  enough 

to  be  of  any  importimce.     It  is  much  more  abundant'in  the  vicinity  of 

Prescott  (5,320  feet),  but  does  not  produce  as  much  feed  as  upon  the 

west  side  of   the  Prescott  highlands,  where   it  extends   up   to  Iron 

Springs  (6,032  feet).     In  this  region  it  is  well  established  all  the  way 

from  Wickenburg  (2,067  feet)  to  Iron  Springs,  in  the  edge  of  the  pines. 

It  appears  to  be  perfectly  at  home  in  the  scrub-oak  area  below  the 

pines,  where  it  remained  green  during  the  season  of  1903  as  late  as 

the  last  of  May. 

«See  Plate  VI. 
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According  to  the  opinions  of  stockmen,  it  is  spreading  slowly,  and 
is  said  to  have  been  first  observed  near  Willow  Springs.  There  is  a 
popular  belief  that  it  will  thrive  only  on  granitic  soils.  But  this  does 
not  account  for  its  peculiar  distribution  in  the  Tucson  region.  Here, 
as  stated  above,  it  makes  a  good  crop  in  an  average  year  on  the  north- 
ern slope  of  the  Santa  Catalina  Mountains;  but  while  distributed  in 
scattering  individuals  all  over  the  Santa  Cruz  Valley,  it  is  never 
abundant  enough  to  be  of  any  consequence.  There  are  a  few  small 
areas  upon  the  northern  slope  of  the  Santa  Kita*s,  where  it  is  as  thick 
upon  the  ground  as  it  is  upon  the  northern  slope  of  the  Santa 
(^atalinas,  but  these  areas  are  very  limited,  and  therefore  do  not  fig-ure 
conspicuously  in  the  total  feed  production.  There  is  a  good  stand  of 
it  upon  the  east  side  of  the  Santa  Catalina  Mountains,  and  it  is  well  dis- 
trilmted  over  the  San  Pedro  Valley  as  far  west  as  the  top  of  the  Rin- 
con  Mountains  on  the  Tanque  Verde  road,  but  it  does  not  extend  in 
any  quantity  into  the  Santa  Cruz  Valley. 

Some  systematic  attempts  have  been  made  to  spread  the  plant. 
Messrs.  Maish  &  Driscol  some  years  ago  sent  a  force  of  men  to  the 
Canyon  del  Oro  district  to  gather  large  quantities  of  it,  to  be  scattered 
on  their  Canoa  property.  They  raked  up  the  plant  when  the  seed  was 
ripening  and  scattered  it  upon  their  land.  They  have  not  been  ahh* 
to  observe  anv  material  benefit.  Mr.  C.  H.  Bavless  believes  that  it 
can  be  scattered  most  successfullv  bv  svstematic  herding  of  sheep  at 
the  time  that  the  plant  is  maturing  its  seed.  His  plan  is  to  herd 
sheep  first  upon  land  well  seeded,  and  then  upon  contiguous  unseeded 
areas.  It  is  thought  by  those  who  have  observed  it  that  it  is  gradu- 
ally spreading  .southward,  and  that  it  will  eventually  be  as  abundant 
in  the  valley  south  of  Tucson  as  it  is  in  the  Oiucle  and  Willow  Springs 
region  now.  There  certainly  appears  to  be  no  good  reason  for  hold- 
ing a  contrary  view. 

MISCELLANEOUS   W^INTER   AND   SPRING   ANNUALS. 

Under  the  designation  ''Indian  wheat"  the  rancher  recognizes  a 
group  of  important  forage  plants  belonging  to  the  botanical  genus 
Plantago.  There  are  two  important  species,  both  of  which  make  their 
first  appearance  in  the  autumn  and  mature  in  the  spring.  Plantago 
fastigiata  occurs  mainl}^  upon  the  mesas  and  lower  areas,  and  Plantago 
ignota  upon  the  foothills.  The  mesas  in  the  Tucson  and  Phoenix 
region  are  especially  noted  for  the  magnificent  growths  of  Plaritago 
fastigiata^  which,  together  with  alfilorilla  in  the  latter  locality,  feeds 
the  largest  number  of  sheep  in  the  Territory  during  the  winter  and 
spring  seasons.  Next  in  importance  to  Indian  wheat  should  bo  noted 
patota  {Pectocavya  liht<frii<^  P.  sctoxa^  and  P,  pencillata)^  the  first 
being  much  the  most  abundant,  and  indeed  the  only  one  that  need  be 
considered  from  a  forage  standpoint.     These  plants  furnish  feed  up  to 
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the  time  of  ripening,  but  are  of  no  value  after  that  date,  because  of 
their  extreme  harshness.     Belonging  to  the  same  family  as  the  latter 
is  a  ver}'  large  group  of  borages,  which  are  of  importance  as  sheep 
feed.      The   most   abundant  of  these  are    PhujUthothryii  arizrmlcm^ 
/*.  t^nelhis^  Ammnkla  tf^xHel^ifa^  (.'ryptanth^  ct/lloptera^  (\   h^termedui . 
i\  angnstifolld^  and  Ere)iuH'arya  tnicraJithn.     The  water-leaf  famih' 
is   represented  b}*^  a  large  number  of  very  conspicuous  plants  which 
are  of  more  or  less  forage  value  for  a  short  time.     The  most  numerous 
of  these  belong  to  the  genus  Phaeelia  {Phactlld  unztmieii^  P,  crenulaUi^ 
l\  tanacetifolia^  and  P.  ramoHd)^  which  will  seem  rather  peculiar  for- 
age plants  to  many,  but  they,  as  well  as  EIUhhi  vhryHauthfWtfolin^ 
must  be  listed  here  as  of  some  forage  value,  although  not  grazed 
€*xcept    when   feed   is   scarce.      Of   somewhat   more  value  than   the 
above  are  numerous  plants  related  to  the  cultivated  phlox,  of  which 
the   most   impoilant  are   Llnaidhux    bigehrvil^   L,   ann'o^  and    (rllia 
ukCiynspicmi  ( ?).    Mexican  poppy  ( EHciiSchoUzia  in e^dcana)  is  reported  by 
nianv  to  be  of  some  value.     Mr.  Ekl.  Vail  and  others  assert  that  their 
vacju^ros  report  that  stock  live  largely  upon  this  poppy.  Indian  wheat, 
and  jojoba  {Suno'ndj<l(i  mlifonuai)^  during  winter  and  spring  on  the 
west  side  of  the  Babuquivari  Mountains.     The  observations  of  the 
writer  do  not  entirely  confirm  these  views,  but  it  should  be  stated  that 
wherever  observed  other  feed  has  been  abundant  enough,  so  that  it 
has  not  been  necessary  for  stock  to  graze  poppies.     Malrfwfrfun  e^Ur 
luakes  a  large  amount  of  feed  on  many  of  the  river  bottoms.     During 
the  past  season  it  was  abundant  and  extensively  grazed  in  the  lower 
San  Pedro,  Gila,  and  Santa  Rosa  valleys. 

The  native  mustards,  Sophia  Incha^  S.  phinata^  Le^quertUa  <jor- 
danii^  Thelypodiuiu  laslopliylbun  and  pepperwort  {Lepidlum  luslo- 
carpujn)  form  a  small  but  important  and  interesting  group  of  forage 
plants  in  the  southern  part  of  Arizona.  With  the  exception  of  Len- 
querella  gordcndi  they  are  not  grazed  much  while  green,  but  after  they 
are  ripe  the  pods  and  oil}^  seeds  are  greatly  relished,  by  range  horses 
especially.  Horses  have  never  been  observed  in  be tti^*  condition  upon 
the  range  than  they  were  upon  the  mesas  south  of  Tucson  in  Ma}^ 
1903.  An  abundant  opportunity  was  had  to  observe  what  they  were 
feeding  upon.  They  appeared  to  be  subsisting  entirely  upon  seeds  of 
these  cruciferous  plants,  which  grew  mainly  in  the  protection  of 
shrubs,  where  they  are  scarcely'  molested  until  they  are  ripe.  During 
the  early  part  of  the  dry  season,  however,  they  were  cleaned  up  about 
as  completely  as  the  grasses  in  similar  situations  in  autumn. 

Quite  a  number  of  leguminous  annuals  are  of  importance  in  the 
southern  jmrt  of  the  Territory.  Upon  the  racvsas  and  foothills  two 
species  of  lotus  (Lotus  hunuHtrntu-'i  and  Z.  IntmUiH)  and  vetch  (Astraf/a- 
Ins  71  uftallU)  are  the  most  important.  A  glance  at  the  tables  (pp.  20-29) 
will  show  the  relative  importance  of  these  to  the  other  vernal  forage 
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plants  upon  the  northern  slope  of  the  Santa  Rita  Mountains.  The 
lupinen  are  very  conspicuous  upon  the  higher  mesas  and  foothills,  and 
are  often  grazed  a  little,  but  they  are  not  relished  like  the  species  of 
lotus.  Two  species  are  very  conunon.  LuphiuH  Uptophyllus  often 
gives  its  characteristic  puiple  to  large  areas  in  steep  itivines  and  hill- 
sides, while  Z.  condnnm  is  full}'  as  abundant  in  places. 

Miscellaneous  species  such  as  Haeria  gracUiH  and  Bailey  a  midtira- 
diata  are  abundant  enough  to  impart  their  characteristic  golden  color 
to  the  landscape  at  times.  Cahjptridhnn  tnoiHindruvi  and  SphaerfMn- 
tlgnta  chaimenerioldeii  both  contribute  to  the  forage  ration.  The  two 
first  mentioned  in  this  paragraph  are  composites,  and  are  grazed  b^'^ 
horses,  especially  when  they  are  in  bloom.  Very  little  aside  from  the 
heads  is  eaten.  CfueiHtrflH  nterloidrH^  another  composite  annual,  is 
much  more  abundant  in  uiany  places  than  these,  but  it  is  seldom  eaton. 
In  the  spring  of  11)03  cattle  in  the  vicinit}'  of  Santa  Rosa,  where  the 
country  was  white  with  it,  were  grazing  upon  it  a  little.  Mr.  Charles 
Howard,  of  Ashfork,  reports  that  his  flocks  subsist  for  weeks  upon 
(rynuiolomla  iinintii^  w^hich  is  a  particularly  conspicuous  thing  upon 
these  highlands. 

MISCELIJINEOUS   BHOWSE   PI.AXTS. 

Besides  the  saltbushes  and  their  relatives,  the  majority  of  which  are 
browse  plants,  a  large  number  of  other  shrubs  furnish  feed  for  stock. 
These  plants  are  especially  valuable  during  the  two  seasons  of  short 
feed.  The  value  of  the  mestjuite  is  proverbial,  on  account  of  the  larg-e 
(quantity  of  beans  which  it  furnishes  for  winter  and  fall  feed;  but  it  is 
also  grazed  during  the  summer  dry  season.  The  cat  claw  {Acacia 
gretjijit)  and  Acacia  conHirlcta  are  second  in  importance  only  to  the 
mesquite  as  browse  plants,  but  their  fruit  is  of  practically  no  value  to 
stock.  The  twigs  of  the  \A\\q^  ^^oy K\vA^{l\xrl'n\mniatorreyami)Kridi 
bigota  (P.  acuicata)  also  make  winter  feed  of  considerable  importance. 
Jojoba  {Shnond^sia  callf(n'nlca)^  al)undant  in  the  foothills  and  lower 
mountain  areas,  appears  to  be  the  most  important  browse  plant  in  these 
situations.  The  central  foregroimd  of  Plate  VI,  figure  1,  shows  how 
this  shrub,  which  is  normally  4  or  more  feet  high,  was  grazed  during 
the  past  season  near  Dudley villo.  Mr.  Ed.  Vail  reports  this  one  of  the 
most  important  browse  plants  in  the  valleys  west  of  the  Babuquiv^ari 
Mountains.  ErUxjinuiin  tiiicrofhrcnm  and  (all land ra  trlophylla  are 
also  of  much  imi)ortance  in  the  higher  foothills  and  lower  mountains. 
There  are  large  areas  on  the  east  and  southeast  of  the  Huachuca  Moun- 
tains, where  the  first  has  practically  taken  possession.  It  appears  to 
spread  with  excessive  grazing  in  this  localitv,  and  it  is  therefore  very 
fortunate  that  it  is  of  some  forage  value.  These  shrubs  are  especially 
characteristic  of  the  southern  regions. 

The  scrub  live  oaks  of  the  entire  Territorv  of  Arizona  form  a  class 
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by  themselves,  and  deserve  more  attention  a.s  forage  planti^  than  is 
usually  accorded  them.  White  oak  {Quercus  aH2(micn^  is  prolKihly 
the  most  important  species  in  the  southern  part  of  Arizona,  where  it 
has  even  been  known  to  be  cut  and  fed  to  cattle.  The  black  oak 
{^uereuf<  ettiory!)  is  said  not  to  be  touc^hed  by  cattle,  a  statement  which 
it  has  not  been  possible  to  verify.  Qw-reuH  turhl}u4la  furnishes  more 
feed  in  places  in  the  Prescott  and  Bradshaw  mountains  than  all  other 
forage  plants  combined,  goats  and  even  sheep  having  little  else  to  eat 
at  some  seasons. 

Brigham's  tea  {Ephedra  frlfurat^  K  jievadenHlH^  and  E.  torreyana) 
is  very  comraonl}'  grazed.  The  first  species  is  confined  to  southern 
Arizona  mesas  and  foothills,  while  the  other  two  are  most  common  in 
the  central  and  northern  portions  of  the  Territory.  The  three-leaved 
sumacs  (Rhus  t?*i/ohata  and  B,  tintrryl)  are  commonly  browsed.  Cpon 
the  highlands  of  the  central  portion  of  the  Territory  C(nraiila  tuewu-ana 
and  Eal ngia  j>arad(txa  are  grazed  wherever  found.  Upon  the  mesas 
and  foothills  in  the  Tucson  region  there  are  two  species  of  composite 
shrubs,  Bacchftrlti  hraehyphylla  and  B.  Ingelovii^  which  are  invariably 
grazed. 

Upon  all  the  sand}-  ridges  in  the  valley  of  the  Little  Colorado  there 
is  more  or  less  sage  {Arteminm  flifolui)^  which  is  said  to  make  valu- 
able, winter  feed. 

HAT  CBOPB. 

'  No  more  than  a  very  brief  mention  of  the  cultivated  forage  crops  is 
necessary  here.  Alfalfa  is  of  course  the  staple  wherever  water  for 
irrigation  is  obtainable,  and  there  is  no  region  where  more  profitable 
returns  are  obtained  than  in  the  river  vallevs  of  the  Territorv.  It 
is  a  common  practice  to  cut  a  crop  of  barley  with  the  first  crop  of  hay 
.  each  j'ear  upon  poorly  esti\blished  meadow^s;  but  strange  as  it  may 
seem,  the  bearded  variety  is  usually  sown,  although  the  objectionable 
feature  of  this  could  be  very  easily  dispensed  with  by  sowing  the 
beardless  form  instead.  It  is  a  common  practice  where  alfalfa  mead- 
ows are  pastured  to  cut  the  first  crop,  for  two  purposes.  One  is  to 
get  rid  of  the  w^eeds  and  the  other  is  to  give  the  plants  a  chance  to 
recuperate  from  the  close  pasturage  by  this  season  of  growth. 

Barley  and  wheat  are  very  largely  grown  for  hay  as  winter  crops, 
and  are  frequently  sown  for  pasturage  also.  The  Mexican  population 
cut  a  large  amount  of  this  winter  grain  crop,  bind  it  up  in  small 
sheaves  6  to  10  inches  in  diameter,  and  sell  it  in  the  green  state  in  the 
cities  and  mining  camps,  where  there  is  a  small  market  for  this  class 
of  roughage.  These  sheaves  sell  at  the  rate  of  about  20  for  25  cents. 
Sorghum  is  commonly  grown  in  the  summer  I'ainy  season,  supple- 
mented by  light  irrigations,  upon  the  lands  which  produce  the  w-inter 
crop  of  barley. 
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Mention  has  been  maxie  in  previous  pages  of  the  use  of  Boatrloua 
rotlivockil  as  a  hay  plant,  hut  with  it  are  alwa\'s  cut  a  large  variety' 
of  other  species,  a  specitic  mention  of  which  is  not  necessary.  Some- 
times saccaton  (Sporohohm  wrtghtii)  is  cut,  along  with  such  other 
species  as  grow  upon  the  lowlands.  Upon  the  east  side  of  the  Santa 
Rita  Mountains  blue  grama  {Bontehma  oligoaiiwhyd)  and  bluejoint 
{Andropogim  H(U'charot(lei<)  together  with  Chhrrh  elegarin^  often  make 
a  small  crop  of  hsiw.  In  many  situations  Johnson  gra.ss  makes  an 
important  addition  to  the  native  hay  plants  upon  overflowed  areas. 

The  Mexican  population  makes  use  of  a  number  of  weedy  plants,  the 
most  important  of  which  is  Am<t7*(nithi(s  jxihnerl.  In  the  vicinity  of 
Tumacacori  and  Sopori  during  the  past  season  there  were  large  quan- 
tities of  this  plant  put  up  for  winter  use.  The  crop  was  invariably 
obtained  upon  land  from  which  a  crop  of  barlev  had  been  removed  in 
the  late  spring  or  early  summer.  The  barley  crop  in  this  region  is 
often  the  only  one  grown.  The  lands  therefore  lie  idle  from  Maj' 
to  October,  when  they  are  plowed  agtiin  for  the  fall  seeding.  During 
the  summer  they  furnish  some  weedy  pasturage,  and  from  favora>)le 
situations  a  large  volunteer  crop  of  this  weed  is  obtained.  Plate  VIII, 
figure  1,  shows  Mexicans  stacking  a  large  volunteer  crop  of  this  plant 
about  the  1st  of  October.  The  yield  was  not  far  from  3  tons  per 
acre  in  the  field  which  was  being  harvested.  These  men  report  it  to 
l)e  good  hay  for  horses,  but  rather  poor  for  cattle. 

WEEDS.. 

In  a  region  of  such  small  production  it  is  not  to  be  expected  that 
weeds  have  a  very  detrimental  influence  upon  native  pasture  lands. 
The  weeds,  as  a  general  rule,  furnish  feed  when  other  things  fail. 
The  use  that  is  made  of  alfilerilla  is  a  striking  example  of  this. 

In  a  few  ini^.tances,  however,  absolutely  worthless  weeds  flourish 
upon  the  most  productive  of  the  range  lands.  The  alluvial  bottoms 
which  were  once  covered  with  either  annual  or  perennial  grasses  have 
suffered  great  injury  during  recent  years  on  account  of  the  establish- 
ment of  the  cockle  bur  {Xdnthunn  canmlcnst).  Hundreds  of  acres  of 
the  very  best  and  most  productive  lands  in  the  higher  valleys  of  south- 
ern Arizona  have  been  absolutely  taken  possession  of  by  this  plant 
during  recent  years.  It  is  hoped  that  Johnson  grass  will  be  the 
means  of  reclaiming  these  areas.  It  is  the  only  plant  known  which 
can  compete  successfully^  with  this  weed. 

Along  the  main  line  of  the  Santa  Fe  Railway,  for  a  distance  of  20  or 
more  miles  on  each  side  of  the  road,  the  Russian  thistle  is  well 
established.  In  the  valle^^  of  the  Little  Colorado  it  appears  to  be 
(juite  at  home  upon  the  dry  mesa  land,  and  will  doubtless  become 
more  coiKspicuous  a.s  time  goes  on.  While  it  will  cause  trouble  upon 
the  cultivated  areas,  it  is  not  thought  that  it  will  ever  injure  the  range 
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lands;  indeed,  it  niaj^  be  a  decided  benefit.  So  far  as  known,  it  does 
not  occur  in  the  southern  part  of  Arizona  at  all. 

Cleome  ^errata  has  become  very  conspicuous  upon  the  poorly 
grassed  areas  of  overflowed  depressions  throughout  the  northern  high- 
lands. By  some  this  plant  is  said  to  be  relished  by  sheep,  hut  evidences 
of  this  have  not  been  seen.  It  is  especially  abundant  in  the  vicinity  of 
Flii^taiF  and  upon  the  northern  slope  of  the  White  Mountains. 

In  the  southern  portion  of  Arizona  there  are  two  perennial  weeds 
related  to  the  golden  rods  which  it  is  claimed  are  spreading  rapidly. 
These  are  hoconui  caroiioplfoHa  and  (rntitrrezhi  mlcToctphaht.  They 
*are  very  abundant  in  portions  of  the  Santa  Cruz  and  Altar  valleys. 

Upon  the  cultivated  meadows  the  squirrel-tail  grass  is  very  trouble- 
some and  unsightly  in  irrigated  districts.  In  pastures,  however,  it  is 
of  little  or  no  detriment,  for  it  is  usually  prevent(»d  from  becoming 
conspicuous  by  the  close  grazing  which  is  usually  practiced  upon  the 
alfalfa  pastures.  It  is  interesting  to  note  that  in  the*  Salt  and  Gila 
valleys  Hordeum  mnrinum  is  the  prevalent  species,  while  IL  jtrhatum^ 
which  has  such  a  bad  record  in  the  Plains  region,  ha.^  not  been 
observed.  In  the  valley  of  the  Little  Colorado,  however,  this  species 
is  nearl}^  if  not  quite  absent,  while  Hordeum  pJmtum.  is  very  common 
and  even  troublesome  in  the  cultivated  fields. 

PLANTS  INJX7BI0UB  TO  STOCK. 

There  are  times  during  years  of  short  feed  when  the  creosote  bush 
{C<n*!.lha  tridentata)  causes  a  good  deal  of  injury  to  sheep.  No  stock 
of  any  kind  eat  this  shrub  ordinarily,  but  when  feed  is  scarce  sheep 
are  sometimes  forced  to  feed  upon  it.  According  to  a  recent  report 
from  Mr.  E.  S.  Gosney,  of  Flagstaff,  the  animals,  after  feeding  u{K)n 
this  shrub  for  a  time,  run  about  in  an  unsteady  fashion,  and  are  very 
likely  to  run  into  any  obstacle  which  happens  to  be  in  their  way. 
They  are  said  to  very  often  run  toward  the  herder,  or  even  his  dogs, 
as  though  seeking  protection.  Mr.  W.  H.  (Campbell,  also  of  Flag- 
staff, who  has  had  a  good  deal  of  experience  upon  the  deserts  north  of 
Phoenix,  states  that  the  greatest  mortality  occurs  among  pregnant 
ewes. 

Upon  the  San  Francisco  and  contiguous  highlands  there  occurs  a 
great  deal  of  loco  {Aragallus  lamherfJi)^  and  in  sonie  cases  in  the  same 
region  areas  are  said  to  have  been  abandoned  as  sheep  grazing  grounds 
on  account  of  the  preponderance  of  .UdepiodAmi  den/inhens. 

Mechanical  injury  is  sometimes  done  by  six  weeks'  grass  {Boutdoua 
aristidoides)  and  triple-awned  grass  {Arlstula  aiih^ricana).  When 
matured  the  seeds  of  these  two  species  are  very  annoying,  to  say  the 
least,  to  both  men  and  animals.  The  sharp-pointed  seeds  work  into 
both  the  fleece  and  the  feet  of  sheep,  but  are  more  especially  injurious 
to  the  latter,     Thev  accumulate  between  the  hoofs  of  the  animals  to 
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these  arid  mesa  lands.  Alfilerilla  is  already  widely  introduced.  It  has 
good  seed  habits  and  special  provision  for  burying^  its  seed.  Of  course 
perennial  forage  plants  would  furnish  better  feed  than  the  annuals^ 
but  there  is  little  hope  of  establishing  them  without  greater  expense 
than  the  economic  benefit  seems  to  warrant.  It  may  be  possible  to 
establish  some  of  the  hardier  perennial  species  upon  the  foothills. 
This,  however,  is  a  matter  for  experimental  work  to  determine. 
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PREFACE. 


For  several  years  the  specimens  of  grasses  in  the  National  Herba- 
rium have  been  accumulating  at  a  rapid  rate.  In  order  to  classify  our 
knowledge  of  this  mass  of  material,  bring  it  up  to  date,  and  make  it 
available  for  other  workers  along  these  lines,  it  has  been  thought  desir- 
able to  issue  from  time  to  time  monographs  treating  of  the  larger 
genera.  In*  conformity  with  this  plan  the  following  monograph 
of  the  genus  Agro.stis  has  been  prepared  by  Mr.  A.  S.  Hitchcock,  of 
this  office.  A\Tiile  pursuing  his  investigations  along  economic  lines, 
which  have  taken  him  into  all  parts  of  the  United  States,  Mr.  Hitch- 
c(x:k  has  taken  field  notes  which  have  aided  him  in  solving  the  taxo- 
nomic  problems.  Realizing  the  necessity,  of  consulting  the  tyi)e 
specimens,  many  of  which  are  in  foreign  herbaria,  advantage  was 
taken  of  his  presence  in  Europe  while  investigating  certain  economic 
problems  to  visit  the  larger  herbaria  and  take  notes  upon  these  orig- 
inal specimens,  and  thus  be  the  better  able  to  solve  the  nomenclatorial 
problems, 

The  genus  Agrostis  comprises  about  100  species,  distributed  over 
both  hemispheres,  but  mostlj^  in  temperate  regions.  Many  of  them 
are  forage  grasses,  and  a  few  are  cultivated  for  this  purpose.  The 
most  important  of  these  is  redtop  (.1.  alba)  or  florin,  as  it  is  called 
in  England.  In  some  parts  of  this  country  it  is  called  herd's  grass. 
This  is  a  valuable  grass  for  wet  meadows  or  pastures  and  also  does 
well  when  mixed  with  other  grasses  upon  drier  soil.  Certain  forms 
or  subspecies  of  this  are  used  as  lawn  grasses.  A,  alba  vulgaris^ 
being  small  and  fine,  is  especially  useful  for  this  purpose.  One  form 
of  this,  known  as  ci'eeping  bent,  has  decumbent  rooting  stems,  which 
aid  it  in  forming  a  thick,  firm  sod.  Creeping  bent  is  especially 
useful  in  the  vicinity  of  Washington  and  similar  localities  where 
the  conditions  are  not  suited  to  either  Kentucky  bluegi'ass  or  Ber- 
muda grass,  being  too  far  south  for  the  former  and  too  far  north 
for  the  latter.  Another  species  (A.  canina)  is  used  for  lawns  under 
the  name  of  Rhode  Island  l>ent.  Much  of  the  seed  sold  under  this 
name  is  A.  alba  vulgarh.  The  awned  form  of  the  last  is  difficult  to 
distinguish  from  A,  canina  except  by  the  presence  of  the  palet. 
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INTBODUCTION. 

The  present  paper  is  an  attempt  to  classify  our  knowledge  concern- 
ing one  of  our  most  perplexing  genera  of  grasses.  It  deals  chiefly 
with  those  species  found  north  of  Mexico,  but  includes  a  few  notes  on 
the  Mexican  species.  The  preparatory  study  naturally  divided  itself 
into  two  rather  distinct  lines — the  classification  of  the  species,  or 
taxonomy,  and  the  history  of  the  species,  or  nomenclature.  Each  line 
presents  difficulties,  a  few  of  which  are  discuased  below. 

TAXONOMY. 

The  division  into  species  is  largely  subjective,  and  different  people 
arrive  at  different  results  with  the  same  material.  There  is  a  large 
amount  of  material  in  the  National  Herbarium,  and  in  addition  I 
have  had  the  privilege  of  examining  that  in  all  the  larger  herbaria  in 
this  country  and  in  Europe.  The  National  Herbarium  is  by  far  the 
richest  in  this  respect,  disregarding  for  the  moment  the  historical 
aspect.  It  is  true  that  specimens  representing  the  extremes  of  certain 
groups  seem  distinct,  but  an  examination  of  a  large  suite  of  specimens 
often  shows  that  the  extremes  are  connected  bv  numerous  intermedi- 
ate  specimens.  Some  of  these  perplexing  questions  I  have  been  able 
to  answer  by  field  observations.  Some  of  my  conclusions  based  on 
herbarium  specimens  may  be  modified  by  further  study  in  the  field. 

On  account  of  the  simple  structure  of  the  spikelet  there  are  few 
salient  characters  upon  which  to  base  classification.  It  is  easy  to  set 
off  the  subgenus  Podagrostis  by  the  prolongation  of  the  rachilla. 
The  primary  divisions  of  Euagrostis,  based  upon  the  presence  or  ab- 
sence of  a  2-nerved  palet,  seem  also  to  be  definite.  I  have  used  vege- 
tative characters  sparingly,  as  there  is  evidently  great  variation  in  the 
same  species.  The  presence  or  absence  of  a  creeping  rootstock  to  sepa- 
rate the  pollens  group  and  the  exarata  group  is  satisfactory,  but 
unfortunately  much  herbarium  material  does  not  show  the  complete 
base  of  the  plant. 

Considerable  weight  has  been  given  by  some  authors  to  the  awn  as 
a  character.    After  a  careful  examination  of  much  material  I  believe 
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it  can  not  be  relied  on  in  such  large  groups  as  .4.  alha^  A.  hiemalis^ 
and  A,  pallens  foViosa.  In  some  other  cases  it  is  usually  a  good  char- 
acter and  can  })e  depended  upon  in  connection  with  other  characters. 
I  think  the  insertion  of  the  awn  is  of  more  importance  than  its  length. 
Likewise  the  palet  varies  considerably  in  the  same  species  or  even  in 
the  same  plant.  In  some  cases  I  have  lieen  forced  to  fall  back  on 
such  unsatisfactory  characters  as  the  shape  of  the  panicle  or  the 
length  and  arrangement  of  its  branches.  Even  with  the  classification 
as  finally  presented  there  are  a  few  intermediate  specimens,  but  such 
are  relatively  rare.  In  any  attempt  to  separate  the  large  groups, 
such  as  .4*  aJha  ov  A.  hiemaVis^  into  smaller  and  definite  species  I  was 
invariably  confronted  by  such  a  large  number  of  intermediates  that  I 
was  convinced  that  no  such  separation  could  l)e  made. 

This  leads  me  to  speak  of  a  point  which  I  have  attempted  to  empha- 
size. There  are  two  classes  of  synonyms — ^those  based  upon  the  same 
type  (typonyms)  and  those  based  upon  different  tyjjes  but  neverthe- 
less considered  by  the  author  to  be  the  same  species.  Authors  do  not 
often  indicate  this  difference  in  their  monographs.  In  bringing  to- 
gether the  synonyms  I  have  indicated  briefly  the  basis  upon  which  I 
have  made  the  union.  I  hope  this  will  aid  others  who  differ  from  me 
in  their  ideas  upon  the  limitations  of  the  species,  and  who  may  wish  to 
readjust  the  forms,  to  do  so  without  finding  it  necessary  again  to  con- 
sult the  original  sources. 

NOMENCLATURE. 

I  have  intended  to  follow  the  recommendations  of  the  recent  Code 
of  Botanical  Nomenclature,  prepared  l)y  the  nomenclature  commission 
appointed  by  the  Botanical  Clul)  of  the  American  Association  for  the 
Advancement  of  Science  (1904).  One  of  the  important  canons  is 
that  so  far  as  possible  species  should  be  based  upon  definite  specimens. 
Much  confusion  has  arisen  from  the  fact  that  some  authors  have 
descrilx^d  what  they  supposed  were  new  species  without  becoming 
acquainted  with  the  species  already  published.  There  is  some  excuse 
for  this,  for  the  descrii)tions  may  have  been  published  in  inaccessible 
works  and  the  older  types  are  deposited  for  the  most  part  in  the  Euro- 
j)ean  herbaria,  which  few  of  those  describing  grasses  have  taken  the 
trouble  to  visit. 

During  my  study  of  the  genus  Agrostis  I  have  fortunately  had  the 
opportunity  of  visiting  all  the  large  European  herbaria  and  have  been 
able  to  examine  nearly  all  the  type  si>ecimen^  of  our  North  American 
species.  The  specimens  of  this  genus  were  examined  in  the  follow- 
ing herbaria : 

London. — The  herbarium  at  the  British  Museum,  in  the  natural  his- 
tory section  at  South  Kensingt<m,  iu  charge  of  Mr.  James  Britten. 
Walter's  herbarium  is  deposited  here.  The  plants  are  mostly  fragmen- 
tary and  are  mounted  in  a  large  folio  volume.     There  are  a  few 
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oxa.sse>,  but  mostly  without  names,  and  I  found  no  types  of  Agrostis 
i*  ^ornncopitT  Walt.).  Other  collections  of  importance  to  American 
botanists  are  those  of  Sloane  and  Gronovius.  The  largest  collection 
of  plants  in  the  world  is  the  herbarium  of  the  Botanical  Garden  at 
Kew.  One  other  important  collection  is  the  Linnaean  herbarium  at 
the  nxHHS  of  the  Linnaean  Society. 

PariH. — ^The  most  important  herbarium  is  that  at  \\\^  Museum  of 
Xatural  History  in  the  Jardin  des  Plantes.  In  this  herbarium  are 
to  Ik?  found  the  t^'pes  of  Lamarck.  The  very  important  Michaux 
herbarium  is  kept  separate.  There  are  two  other  large  herbaria  at 
Paris,  those  of  Cosson  and  Drake,  but  there  are  few  types  from 
America. 

Genera. — There  are  four  large  herbaria  here — that  of  De  Candolle, 
at  his  residence;  the  Barbey  herbarium,  in  one  of  the  suburbs:  the 
herbarium  of  the  university,  in  charge  of  Professor  Chodat,  and  the 
herbarium  of  the  botanical  garden,  in  charge  of  Mr.  Briquet. 

Vienna, — Here  are  the  herbaria  at  the  Hof museum,  in  charge  of 
Doctor  Zahlbruckner,  and  at  the  Botanical  Garden,  in  charge  of 
Doctor  Wet t stein. 

St.  Polten. — ^This  town  is  about  one  hour's  ride  west  of  Vienna. 
Here  is  the  important  herbarium  of  Doctor  Hackel,®  the  eminent 
agrostologist. 

Pruffue. — The  herbarium  at  the  Botanical  Garden,  where  are  depos- 
ited the  types  of  Presl,  is  in  charge  of  Doctor  Beck. 

Berlin, — The  herbarium  of  the  Botanical  (Jarden  is  in  charge  of 
Doctor  Engler.     The  Willdenow  plants  are  kept  separate. 

Copenhagen, — The  herbarium  at  the  Botanical  Garden  is  in  charge 
of  Doctor  Warming.  This  collection  is  especially  rich  in  arctic 
material. 

St,  Peternhnrg, — ^There  are  two  large  herbaria  here — one  at  the 
Botanical  Garden  and  one  at  the  rooms  of  the  Academv  of  Sciences. 
.Vt  the  latter  is  deposited  the  Trinius  herbarium,  which  is  kept  sepa- 
rate. The  plants  of  the  Trinius  collection  are  unmounted  and  are 
kept  in  large  species  covers.  The  director,  Doctor  Litwinow,  very 
kindly  allowed  me  to  take  portions  of  the  specimens  for  deposit  in 
the  National  Herbarium  when  the  material  was  sufficiently  abundant. 

In  examining  the  types  I  took  photographs  and  in  some  cases 
was  allowed  to  take  a  few  spikelets;  but  in  this  genus  the  spikelets 
are  likely  to  be  of  less  importance  than  the  photographs  showing 
habit  and  the  notes  concerning  critical  characters. 

The  tyjjes  in  America  are  more  easily  accessible.  A  large  nunil>er 
are  in  the  National  Herbarium,  including  those  of  Vasey  and  of 
Scribner.     The  herbarium  of  the  Philadelphia  Academy  of  Natural 

«  Doctor  Hackel  has  sincv  removed  to  Graz. 
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Sciences  contains  the  types  of  iluhlenberg  and  the  types  or  duplicate 
types  of  Xuttall.  The  types  of  Elliott  are  at  the  (>)llef^e  of  Charleston. 
I  have  not  seen  these,  but  they  were  examined  and  reported  upon  by 
Mr.  Elmer  D.  Merrill  (U.  S.  Department  of  Agriculture,  Division  of 
Agrostology,  Circular  No.  20,  1901).  A  few  types  of  Agrostis  are  in 
the  Torrey  herbarium  at  the  Xew  York  Botanical  Garden  and  in  the 
Gray  herbarium  at  Cambridge. 

In  discussing  the  types  under  each  species  1  have  indicated  where 
the  type  specimen  is  to  be  found,  and  in  the  few  cases  where  I  have 
not  seen  this  the  fact  is  so  stated. 

As  previously  stated,  I  have  followed  the  rules  as  published  in  the 
recent  Code  of  Botanicjil  Nomenclature.  In  applying  these  to  the 
selection  of  type  specimens  I  have  given  my  reasons  in  each  case.  By 
adhering  to  these  rules  I  have  been  able  to  present  the  historical  data 
in  a  more  satisfactory  manner  than  by  assuming  the  idea  of  a  species 
as  indicated  by  evolutionary  development.  It  not  infrequently  hap- 
pens that  this  idea  gradually  changes  because  authors  do  not  have  a 
definite  type  in  mind.  The  result  is  often  similar  to  that  reached  by 
a  child  in  using  a  copy  book,  where  he  each  time  looks  at  the  last  line 
written  instead  of  at  the  original.  Again,  there  has  been  confusion 
l>ecause  an  author  has  wished  to  separate  a  composite  group  into  what 
he  thinks  are  species.  He  retains  the  old  name  for  one  portion  and 
gives  new  names  to  the  other  portions.  If  he  has  not  consulted  the 
type  he  may  have  applied  the  original  name  to  the  wrong  division,  as 
the  original  description  may  not  have  mentioned  the  characters  which 
he  uses  in  making  the  separation. 

PLATES. 

So  far  as  possible  the  drawings  were  made  from  type  specimens. 
The  artist  has  faithfully  reproduced  all  the  technical  details  of  the 
spikelets  as  shown  in  the  particular  specimen  at  hand.  But  it  has 
not  been  practicable  to  show  the  variation  in  the  characters  in  differ- 
ent specimens,  although  it  is  largely  upon  these  variations  that  I  have 
based  my  judgment  of  specific  differences. 

SPECIMENS  LISTED. 

In  general  the  specimens  listed  are  confined  to  those  deposited  in 
the  National  Herbarium.  In  a  few  cases,  where  the  species  is  rare,  or 
on  account  of  some  peculiarity,  specimens  from  other  herbaria  are 
mentioned.  It  was  not  tliought  advisable  to  give  a  complete  list  of 
specimens,  but  only  enough  to  illustrate  the  distribution.  In  the  case 
of  species  of  limited  distribution  a  proportionately  larger  number,  or 
perhaps  all,  are  given. 
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HISTOBT  OF  THE  GENUS. 

Tlie  genus  was  established  by  Linnrcus  in  the  first  edition  of  the 
Genera  Plantanim  (p.  19,  No.  54,  1737),  though  the  name  was  men- 
tioned without  description  a  little  earlier  (Syst.  Nat.,  ed.  1,  1735). 
The  description — ^"  Cal.  gluma  nniflora,  bivalvis,  acuminata.  Cor. 
bivalvis,  acuminata,  vix  longitudine  calycis,  altera  majore  aris- 
tata  " — is  retained  through  all  the  editions  of  this  work,  except  that 
in  the  sixth  edition  "  aristata  "  is  omitted,  apparently  inadvertently. 
It  is  based  on  "  Scheuch.,  3:  11.9."  This  citation,  which  follows  the 
name  in  the  first  edition,  is  dropped  in  the  fifth  edition  (No.  74, 
1754  >, 

Scheuchzer's  Plate  III,  figure  11,  cited  by  Linnaeus,  includes  three 
figures,  .1,  /?,  and  C.  The  first  two,  .1  and  B^  refer  to  the  description 
given  on  page  146,  and  are  two  figures  of  the  same  plant,  A  being  a 
cluster  of  four  spikelets,  and  B  a  single  flower.  The  plant  here 
described  is  Stipa  ralamagrostia  Wahl.  Plate  III.  figure  11,  C^ 
referred  to  on  page  148  of  the  publication  mentioned,  is  Milium 
lendif/erum  L.  {Gcwtriditrm  australe  Beauv.).  The  second  citation 
given  by  Linnanis  from  Scheuchzer,  Plate  III,  figure  9,  includes 
five  figures,  .1,  /?,  C\  />,  and  E.  The  first  two,  .1  and  B^  accom- 
pany the  descrii)tion  on  page  139,  "Arista  articulata  et  recurva 
prodeunte  ex  alterutrius  glumse  dorso,  prope  ejusdem  basin."  There 
are  two  fonns  described  under  this  according  to  Trinius  (Clavis  Ag- 
rostographiie) ;  the  fii-st,  of  which  the  diagnosis  is  "  (Jramen  parvum, 
paniculatum,  alpinum,  panicula  spadicea,  aristatum,"  is  Agrostis 
alpiiw  Scop.,  and  the  second,  "  Gramen  paniculatum,  capillaceo  folio, 
locust  is  parvis  spadiceo-fuscis,  aristatis,"  is  ^1.  nipeHtria  All.  Figure 
fi,  which  represents  a  single  flower,  shows  a  palet,  which  neither  of 
the  above-mentioned  species  possesses,  but  too  much  weight  must  not 
be  attached  to  this  discrepancy,  as  in  many  cases  the  presence  of  a 
palet  seems  to  have  l>een  assumed.  The  third  figure,  C,  is,  according 
to  Trinius,  -4.  eartina^  while  D  and  E  refer  to  .4.  vineale  With. 

Linna?us  seems  to  have  included  these  various  fonns  in  one  genus 
because  they  all  had  small  one-flo>vered  spikelets  with  a  projecting 
awn.  The  statement  "  cor.  bivalvis  "  applies  only  to  the  first-cited 
plants,  Stipa  calamagrostis  and  Gastridium^  yet  the  other  figures 
j^how  a  palet,  and  Linna-us  probably  examined  the  plates  rather  than 
the  plants. 

Although  Linnffius's  idea  of  the  genus  changes  in  the  Species 
Wantanim,  the  text  of  Agrostis  in  the  later  editions  of  the  Genera 
remains  the  same,  although  the  fifth  and  sixth  are  published  after 
1T53. 
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In  the  Species  Plantarum  (1:  61,  1753),  Linnaeus  describes  the  fol- 
lowing species : 

Ari&tatce. 

1.  A,  8pica^venU=Ap€ra  spica-venti  Beau  v. 

2.  A.  miliacea=Orysop8i8  miliaeea  Kicht. 

3.  A,  arundinac€a=D€j/euxia,  aylvatica  Kuntb. 

4.  A,  rubra.     [Not  identifiable.     See  note  under  A.  horealis,} 

5.  A,  canina, 

6.  A,  paradoxa=Oryzopsis  paradoxa  NutL 

MuticcB. 

7.  A,  stolonifera. 

8.  A,  capUlari8, 
0.  A.  alba. 

10.  A.  minima— Mibor a  vema  Beauv. 

11.  A,  virginica=SporobolU8  virginicus  Kuntb. 

12.  A.  indica=Sporobolus  indicus  R.  Br. 

In  the  tenth  edition  of  the  Systema  (2:  872,  1759)  the  following 
are  added : 

A.  A.  sepium,  "A.  petalo  exteriore  arista  terniinali  recta  stricta  longitudine 
it)RiUH  floris,  x)anicula  patula."  This  species  was  not  talceu  up  in  later  works 
and  its  identity  is  uncertain.     No  locality  or  references  are  given. 

B.  A,  interrupt a= A pera  interrupta  Beauv. 

C.  A.  calamagro8tiH=8tipa  calamagrostis  Wabl. 
I).  A.  cruciata=ChU)ris  cruciata  Sw. 

E.  A,  radiata=Chloriit  radiata  Sw. 
A,  paradoxa  is  transferred  to  Milium. 

In  the  second  edition  of  the  Species  (1:  91,  1762)  no  change  is 
made  except  to  omit  A.  sepiurn  and  (in  the  Appendix,  2:  1665,  1763) 
to  add  A»  Hylvatica  (=^4.  alba  L.  teratological  form). 

Six  more  sj>ecies  are  added  in  the  Mantissa  Plantarum  (1:  30,^ 
1767): 

A,  bromoidvH—Htipa  aristella  L. 
A.  au8traUs=0a8tridiuin  australe  Beauv. 

.4.    Hcrothia^-Diplachnc   scrotina   Link.     Transferred   from   Festuca    Sp.    II, 
altbouffb  tlie  spikelets  are  described  as  4-flowered. 
A,  matreUa^^ZoyHia  pungena  Willd. 
.4.  pinnila~--A,  alba  L. 
A,  mexicana--Muhlcnbrrgia  mextcana  Trin. 

All  tlie  species  mentioned  appear  in  the  twelfth  edition  of  the  Sys- 
tema Nature  (1767)  except  A,  sepiurn  and  A.  matrella. 

Historically  it  is  rather  difficult  to  establish  the  type  of  the  genus. 
Of  the  twenty-four  species  described  by  Linnaeus  only  seven  would  be 
referred  to  the  genus  Agrostis  as  now  limited.  The  first  figure  cited 
in  the  original  description  of  the  genius  refers  to  Stipa  ralamagrostis^ 
which  was  not  included  in  those  described  in  the  first  edition  of  the 
Species  Plantarum,  but  w^as  added  later.     In  the  Species  Plantarum 
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there  is  nothing  to  indicjite  what  Linnsius  considers  the  type  of  his 
genus. 

Later  writers  have  .segregated  various  species,  and  the  name 
Agrostis  has  been  applied  to  what  was  left. 

Adanson  (PL  Fam.,  1763)  changes  the  name.  His  Agrostis  based 
upon  Scheuch.  57  is  Saccharum,  while  he  gives  a  new  name,  Vilfa,  to 
Linna^us's  Agrostis,  founded  on  Bauhin's  "Gramen  caninum  supinum 
minus,"  which  is  A.  stolanifera  L.  (i.  e.,  A,  alba  L.)  according  to 
Trinius.  Adanson  also  takes  out  Linnseus's  first  species  of  Agrostis 
as  the  type  of  Apera ;  the  tenth  species,  as  type  of  Mibora. 

Walter  (Fl.  Carol.,  1788)  describes  three  new  species  under  the 
genus  Cornucopiie,  the  chief  generic  character  being  the  absence  of 
the  palet,  "  cor.  1-valvis."  These  are  C.  hiemalisj  G,  perennans^  and 
C,  altwsima.  He  retains  the  name  Agrostis  for  J.,  indica  and  A, 
virgtnica. 

Michaux  (Fl.  Bor.  Am.,  1803)  gives  the  name  Trichodium  to  Wal- 
ter's genus  Comucopise  and  describes  the  fii'st  two  species  under  the 
new  names  T,  laxlflonim  and  T.  decumbens.  Ke  omits  the  third. 
He  retains  Agrostis  ("  cal.  2-valvis,  gluma  major  "),  describing: 

.4.  indica  Li.=8p(frobolu8  indica  R.  Br. 

A.  jutic€a=iSporobolU8  junceua  Kuutb. 

A.  di9par=A.  alba  L. 

.4.  ajspcra=^8porobolu8  asper  Kunth. 

A.  lateriflora=Muhl€nbergia  mexicana  Trin. 

A.  raccmo8a=M.  racemosa  B.  S.  P. 

The  seventh  edition  of  the  Genera  Plantarum,  by  Reichard,  1778, 
has  *'  Cal.  gluma  uniflora,  bivalvis  acuminata,  corolla  paulo  minor,-' 
which  is  followed  in  the  eighth  edition  (Schreber,  1789)  and  ninth 
edition  (Haenke,  1791).  In  the  tenth  edition  (Sprengel,  1830)  we 
ftnd  the  characters  changed  to  agree  more  nearly  with  the  modern 
Agrostis :  "  Cal.  bivalvis,  acutiusculus,  muticus,  corollam  sequans  vel 
superans.  Cor.  bivalvis,  callo  sjepe  insidens  aut  basi  pilis  brevibus 
suifulta ;  valva  altera  ssepe  obsoleta  aut  nulla,  altera  arista  vel  mutica." 

Jussieu  (Gen.  PL,  1789)  retains  the  old  description,  "  Calix  [cor- 
olla of  Linnaeus]  2-valvis  gluma  major." 

Without  taking  up  each  authority  we  may  glance  at  a  few  of  the 
handbooks  to  note  the  tendency  to  change  into  what  might  be  called 
the  modern  idea  of  the  genus. 

Gmelin  (Syst.  Veg.,  1:  168,  1796)  describes  forty-one  species  under 
the  limitation  "  Cal.  2-valvis,  1-florus,  corolla  paulo  minor." 

Willdenow  (Spec.  Pl.,1:  361,  1797)  describes  forty-six  species. 
The  genus  characters  are  as  given  by  Gmelin ;  that  is,  that  the  empty 
glumes  are  two,  and  a  little  shorter  than  the  single  flowering  glume, 
1  which  applies  better  to  Sporobolus. 
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Persoon  (Syn.  PL,  1805)  agrees  with  his  predecessors,  but  says 
"  cor.  2-valvis,"  omitting  the  statement  that  the  "  calyx  "  is  shorter 
than  the  "  corolla." 

Willdenow  (Enum.  PL,  1809)  keeps  Agrostis  and  Trichodiiim 
separate.  Agrostis  is  described  as  "  Cor.  2-valvis,  calyce  plerumque 
minor,  valviila  major  aristata  sen  mutica." 

Brown  (Prod.,  1810)  separates  the  species  having  the  flowering 
glume  awnless  and  longer  than  the  empty  glumes  under  a  new  name, 
Sporobolus,  describing  three  species,  one  of  which  is  Agrostis  indica 
L.,  but  he  includes  A.  virginica  L.  in  Agrostis.  The  distinction  is 
not  clear  and  Brown  states  that  the  genus  Agrostis  is  artificial. 

Beauvois  (Agrost.,  1812)  describes  Agraulus  with  "Glumse  palea 
longiores.  Palea  apici  emarginata,  infra  medium  aristata "  to 
include  ^^ Agrostis  canina  L.  and  A,  alphm  L.,"  etc. ;  Trichodiuni  with 
one  palet,  which  is  awnless;  Vilfa,  following  Adanson  in  applying 
the  name  to  species  with  two  palets  shorter  than  the  glumes.  His 
genus  Agrostis  is  founded  on  A,  rubra  L.,  of  which  he  gives  a  plate, 
showing  a  small  palet  with  four  teeth.  This  is  the  chief  difference 
between  Agrostis  and  Agraulus.  Beauvois  intends  to  include  in 
Agrostis  species  with  two  palets  and  an  awn.  He  recognizes  Sporo- 
l>olus  R.  Br.,  Muhlenbergia  Schreb.,  and  Apera  Adans. 

Pursh  (Flora,  1814)  describes  fifteen  American  species,  including 
species  now  referred  to  Sporobolus  and  Muhlenbergia,  but  under  the 
generic  diagnosis  "  Cal.  2-valvis ;  valvis  acutis  corolla  brevioribus. 
Cor.  2-valvis."  Although  the  genus  is  described  as  having  the  calyx 
shorter  than  the  corolla,  certain  species  (e.  g.,  A.  stHcta  and  A,  vul- 
garis) are  described  as  having  the  corolla  (flower)  shorter  than  the 
calyx.  The  same  is  true  of  Muhlenberg  (Gram.,  1817)  and  of  Elliott 
(Sketch,  1816). 

Koeler  ((xram.,  1802)  gives  a  consistent  description  of  the  genus, 
inasmuch  as  he  states  that  the  corolla  may  be  smaller,  equal  to,  or 
larger  than  the  calyx,  and  that  the  awn  when  present  may  be  terminal, 
dorsal  or  attached  near  the  base.  Nuttall  (Gen.,  1818)  also  makes 
the  generic  description  agree  with  the  species  included. 

Rocmer  and  Schultes  (Syst.  Veg.,  1817)  describe  ninety -seven  spe- 
cies of  Agrostis,  but  they  unite  several  groups  or  sections  under  the 
generic  characters :  Corolla  larger  or  smaller  than  the  calyx,  stipitiite 
at  base  with  one  or  two  fascicles  of  hairs,  larger  valve  awned  or  awn- 
less. The  sections  are  Vilfa  (of  Beauvois,  which  is  our  Agrostis,  62 
species),  Achnatherum  (including  /I.  calamagr^ostisj  A.  soholifera 
MuhL,  etc.,  5  species),  Agrostis  (wiiich  includes  A.  tolucensi-s  and  A. 
virescens  H.  B.  K.,  8  species),  Sporobolus  (including  S.  indica;  but 
some  of  our  species  are  included  under  section  Vilfa),  Apera,  and 
Cinna.     Besides  these  there  are  described  sixteen  species  of  Tricho- 
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diam,  which  inchides  the  species  with  1-valved  corolla,  either  awned 

(Agraulus  Beau  v.)  or  awnless  (Trichodium). 

Sprengel    (Syst.   Veg.,   1825)    describes   eighty -five   species.     He 

arranges  them  thus : 

•CoroUip  mutlcse:  valva  calycis  inferior  minor:  Vllfa  Adnus.  Includes 
A.  alha  and  its  allies,  Sporoholus  indicay  etc. 

•    •♦  Valva  corollse  altera  minutissima  vel  obsoleta,  Trichodium  Mx. 
t  Corollip  aristatie.     A.  canina,  etc. 

tt  Corolla*  muticje.    A.  laxa  Sqhreb.  (A.  hiemalis  Walt.)  and  its  allies. 
♦*•  Valvae  corollime  subaH]uales,  altera  aristata. 

t  Sine  rudameuto  alterius  floris.     Calycis  corolla  plerumque  breviores. 
tt  Cum  rudimento  cyliudrico  alterius  corollae.     Apera  Beauv. 

Kunth  (Enum.  PL,  1833)  describes  ninety  species  of  Agrostis.  In 
this  work  the  genus  is  limited  about  as  at  present,  so  far  as  his 
^  Species  genuinae "  are  concerned.  He  includes  under  "Species 
anomalse  ''  Apera  spica-vevti  and  A.  interruj)ta^  and  under  "  Species 
duhia?  *"*  a  number  of  diverse  forms.  Sporobolus,  Cinna,  Muhlen- 
bergia,  etc.,  are  kept  separate. 

Triniuj^  (Fund.,  1820)  lays  the  foundation  for  the  modem  concep- 
tion of  the  genera  of  grasses.  Agrostis  is  characterized  as  having 
the  calyx  longer  than  the  corolla,  the  latter  2-valved,  the  lower  valve 
awned  or  awnless,  the  upper  often  small  or  obsolete.  He  recognizes 
three  divisions: 

(a)   l'pi)er  valve  distinct    Agrostis,  A,  vulgaris,  etc. 

(6)    Upi)er  valve  minute  or  obsolete,  awnless.    Tricbodium,  A.  elegans,  etc. 

(r)   As  al>ove,  but  awned.     Agraulus,  A,  canina,  etc. 

Muhlenbergia,  Cinna,  and  Vilfa  are  recognized,  the  last  being  the 
same  as  Sporobolus  R.  Br.  Vilfa  Adans.  is  based  on  A,  stolonifera  L., 
but  Trinius  uses  this  name  for  Sporobolus  R.  Br. 

A  perusal  of  the  history  of  the  genus  Agrostis,  as  accepted  by 
modern  authors  since  Trinius,  shows  that  the  name  has  not  l)eeii  ap- 
plied in  accordance  with  any  rule. 

If  the  name  goes  with  the  first  plate  cited  when  the  genus  was  estab- 
lished in  1737,  it  should  be  applied  to  what  is  now  Stijja  calamagros- 
tU^  which  would  become  the  type. 

If  we  start  with  the  first  edition  of  the  Species  Plan  tar  um  and  take 
the  first  species  described,  Apera  spica-venti  Beauv.  liecomes  the  type. 

If  we  take  the  first  of  the  species  described  in  the  Species  Planta- 
rum  which  has  not  been  removed  as  the  type  of  a  monotypic  genus, 
Onjzopfns  miliacea  Richt.  becomes  the  type  of  Agrostis. 

If  we  take  the  first  identifiable  species  of  Linnaeus  which  has  not 
l)een  segregated  under  some  other  genus,  A.  canina.  becomes  the  type. 

If  we  accept  the  genus  as  indicated  in  the  Specie^s  Plantarum  and 
follow  its  subdivision  we  find  that  Adanson  split  up  the  genus,  apply- 
ing the  name  Vilfa  to  our  Agrostis  and  Agrostis  to  Saccharum ;  then 
Agrostis  would  disappear,  as  Saccharum  is  a  g<K)d  genus. 
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Walter  appears  to  be  the  first  author  who  separates  the  species  witl 
no  palet,  wrongly  referring  them  to  Cornucopiae.  Michaux  gives  i 
new  name,  Trichodium,  to  this  group,  retaining  the  name  Agrostii 
for  the  species  with  a  palet.  This  segregation  would  make  A.  sta 
lonifera  the  first  Linnfean  species  to  fall  in  Agrostis. 

It  would  seem  best  to  accept  the  evolution  that  has  actually  takei 
place  and  follow  Trinius  and  others  in  applying  the  name,  as  has  beer 
done  by  all  modern  authors,  including  Bentham  and  Hooker  (Gen 
PL,  1883)  and  Engler  and  Prantl  (Pflanzenfamilien). 

Following  the  provisions  of  canon  15,  section  /,  of  the  recent  Cod< 
of  Botanical  Nomenclature  (Bui.  Torr.  Bot.  Club  31 :  249),  I  have 
selected  as  the  type  species  of  the  genus  Agrostis,  A.  alba  L. 

QENEBIC  DESOBIFTIO 

Spikelets  small,  1-flowered,  hermaphrodite,  arranged  in  open  oi 
contracted  panicles;  empty  glumes  2,  equal  or  somewhat  unequal, 
persistent  (or  sometimes  with  age  deciduous  from  the  pedicel) ,  usually 
acute,  sometimes  acuminate  or  awn-pointed,  carinate,  usually  scab- 
rous on  the  keel  and  sometimes  on  the  back ;  flower  articulated  above 
the  empty  glumes,  the  rachilla  not  produced  except  in  section  Poda- 
grostis;  flow^ering  glume  shorter  than  the  empty  glumes  or  some^ 
times  nearly  as  long,  thinner  in  texture  than  these,  awnless,  or 
dorsally  awned  below  the  apex,  often  provided  with  a  minute  tuft  oi 
hairs  at  base;  palet  two-keeled,  smaller  than  the  flowering  glume, 
rarely  of  the  same  length,  often  a  minute  nerveless  scale,  or  obsolete; 
stamens  usually  3;  styles  distinct,  stigmas  plumose.  Annual  or 
perennial  grasses,  with  culms  glabrous,  low  or  tall,  erect,  geniculate 
or  creeping  at  base,  cespitose  or  provided  with  running  rootstocks; 
leaf  blades  flat  or  involute,  usually  scabrous;  sheaths  usually  striate, 
often  scabrous;  panicle  terminal,  rarely  also  from  axillary  branches, 
open  and  diffuse,  with  capillary  branches,  or  more  or  less  contracted, 
or  even  spikelike. 

Sporobolus  differs  in  having  the  flowering  glume  and  palet  of  a 
firmer  texure  and  longer  than  the  empty  glumes. 

Muhlenbergia  differs  in  having  the  flowering  glume  as  long  or 
longer  than  the  empty  glumes  and  the  awn  when  present  terminal. 

Calamagrostis  differs  in  having  a  conspicuous  tuft  of  hairs  at  base 
of  flowering  glume,  and  in  having  larger  spikelets  and  stouter  culms. 
The  difference  between  these  two  genera  is,  however,  quite  artificial. 
In  AgroHtis  hallii  the  hairs  at  the  base  of  the  flower  are  as  long  as  in 
Calamagrostis,  but  the  culms  are  not  so  stout. 

Cinna  differs  in  its  1-nerved  palet  and  single  stamen. 

Apera  differs  in  having  the  rachilla  produced,  the  palet  as  long  as 
flowering  glume,  the  latter  awned  just  beknv  the  apex. 
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Agrostis,  section  Podagrostis,  connects  those  two  genera,  differing 
only  in  the  absence  of  the  awn  and  somewhat  in  habit. 

KEY  TO  SPECIES. 

Rarhilla  proloiiged  behind  the  palet. 

Spikelets  3  mm.  long,  usually  purple 1.  cBquiv>alvia, 

SpikeletB  2  mm.  long,  usually  pale 2.  thurberiana. 

Bachilla  not  prolonged  behind  the  palet. 
Palet  evident,  2-nerved. 
Palet  as  much  as  one-half  the  length  of  the  flowering  glume. 
Panicle  contracted  or  open,  but  not  diffuse. 
Panicle  contracted  and  lobed  or  verticillate;  empty  glumes  equal,  2  mm. 
long,  scabrous  on  keel  and  back;  flowering  glume  one-half  as  long. 

8.  atolonifera. 
Panicle  more  opefn;  empty  glumes  scabrous  on  keel,  but  smooth  on  back; 
flowering  glume  longer  than  in  the  preceding. 
Plants  erect  or  decumbent,  but  not  provided  with  extensive  stolons. 

Plants  of  wide  range;  usually  over  30  cm.  in  height 4.  <Uba, 

Plants  of  alpine  region;  dwarf 5.  humilis. 

Plants  provided  with  extensive  creeping  stolons,  the  leaves  on  these 

being  short  and  spreading.    Western 6.  depresaa. 

Panicle  diffuse;  plant  low 7.  rosei. 

Palet  about  one-fourth  the  length  of  the  flowering  glume;  panicle  con- 
tracted   -.- 8.  glomerata. 

Palet  wanting,  or  a  small  nerveless  scale. 
Flowering  glume  provided  with  a  very  slender  awn  about  5  mm.  long.    Deli- 
cate annuals. 

Awnstraight.    California 9.  exigua. 

Awn  flexuous.    Southeastern  States 10.  elliottiana. 

Flowering  glume  awnless,  or  short-awned.    Perennials. 
Plants  spreading  by  rhizomes. 

Tuft  of  hairs  at  base  of  flowering  glume  1-2  mm.  long 11.  hallii. 

Tuft  of  hairs  minute  or  wanting _ 12.  pallens. 

Plants  tufted  but  not  producing  rhizomes. 
Panicle  narrow,  usually  a  part  of  the  lower  branches  spikelet  bearing 
from  the  base. 
Panicle  strict,  branches  very  short  and  appressed.    A  low  cespitose 

plant.    California 13.  hrevieiilmia. 

Panicle  narrow  but  not  strict.    Some  of  the  lower  branches  2  cm.  or 
more  long.    Group  of  A.  exarata.    Western. 
Flowering  glume  with  an  exserted  awn. 
Outer  glumes  awn-i)ointed;  panicle  narrow  and  rather  compact. 

14.  microphylla. 
Outer  glumes  acute  but  not  awn-jwinted;  panicle  more  open  and 

verticillate _ _ 15.  ampla. 

Flowering  glume  awnless,  or  the  awn  included. 
Panicle  5-30  cm.  long;  a  taller  plant  of  low  altitudes. .  16.  exarata. 
Panicle  short,  3-6  cm.  long;  a  dwarf  plant  of  high  altitudes. 

17.  rossce. 
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Bachilla  not  prolonged  behind  the  palet. 
Palet  wanting,  or  a  small  nerveless  scale. 
Flowering  glume  awnless,  or  short-awned.    Perennials. 
Plants  tufted  but  not  producing  rhizomes. 
Panicle  open,  sometimes  diffusely  spreading;  usually  no  short  branches 
in  lower  whorli^  of  branches. 

Awn  of  flowering  glume  attached  near  the  base 18.  hoitellit^ 

Awn,  if  present,  attached  at  or  above  the  middle  of  the  glume. 

Panicle  very  diffuse,  with  very  .scabrous  capillary  primary  branches, 

these  branching  above  the  middle;  spikelets  clustered  toward  tbe 

ends  of  the  smaller  branches.    In  arctic  and  Alpine  forms  these 

characters  are  less  plainly  shown.    In  the  subspecies  geminata  tbe 

branches  are  shorter  and  divaricate 19.  hiemalis. 

Panicle  open  but  not  conspicuously  diffuse;  branches  more  or  leas 
capillary. 
Flowering  glume  awnless.    Ck;casional  specimens  are  awned. 
Plant  delicate,  10-30  cm.  high,  growing  at  high  altitudes;  spike- 
lets  small,  about  1.5  mm _ 20.  idahoetufis. 

Plants  tall  and  often  stout,  mostly  over  50  cm.  high.    In  some 
forms  of  A.  perennana  the  culms  are  lax  and  decumbent. 
Panicle  pyramidal,  dark  purple.      Oregon  and  Washini^n. 

21.  oregonenms. 
Panicle  elongated,  oblong;  lower  branches  several  in  distinct 

verticils,  ascending.    Pacific  slope _ .  _  22.  schiedeann. 

Panicle  pyramidal  to  elongated  oblong,  pale;  branches  more 
flexuouB  or  drooping,  not  usually  stiffly  ascending.    Eastern 

States 23.  peretinans. 

Flowering  glume  awned.    Awnless  individuals  occur. 

Spikelets  2  mm.  long.    Introduced _  _ .  24.  oanina, 

Spikelets  2.5-3  mm.  long. 

Awn  straight,  included  or  slightly  exserted 25.  melaleiica. 

Awn  exserted,  geniculate. 
Branches  of  panicle  nearly  smooth;  ligule  2-3  mm.  long. 

26.  borealis. 

Branches  6f  panicle  very  scabrous;  ligule  usually  5-8  mm. 

long _ -  27.  longiligula, 

DESCKEPTIOK  OF  SPECIES. 

Section  1.  Podagrostis  Qriseb,  in  Ledeb,  FL  Ro88,  4:  436,  1853.  Flotuering 
glutne  equaling  the  empty  glumes;  palet  nearly  an  long  as  the  flowering  glume; 
rachilla  prolonged  behind  the  palet,  naked  or  minutely  pubescent. 

This  section  differs  from  Agrostis  proi>er  in  having  the  rachilla  prolonged,  but 
agrees  in  habit.  It  differs  from  Calamagrostis  in  the  absence  of  the  callus  hairs 
and  in  habit. 

1.  A.  sequivalvia  (Trin.)  Trin. 

A.  canina  wquivalvis  Trin.,  In  Bong.  Mem.  Acad.  Sci.  St.  Petersb.,  Ser.'VI,  1: 
171.  1832.0  Veg.  Sitcha.  This  is  generally  credited  to  Rongard,  but  in  the 
preface  to  tliis  article  Bongard  states  that  the  grasses  wore  worlted  up  by 
Trinius,  and  the  latter  cites  himself  as  authorfty  for  this  variety  in  his 
Agrustidea.     For  the  original  dewTiption  see  A.  aenea  Trin.  under  A.  melaleuva 

a  According  to  Mr.  M.  L.  Fernald,  wlio  has  seen  the  original  signature  cover  of 
this  publication  at  Kew,  the  date  is  given  thereon  as  August,  1832. — P.  L. 

HiCKEB. 
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TriniuB  suspects  tbis  variety  to  be  a  good  species  nnd  points  out  tbe  differ- 
ences  between  tbis  and  canina. 

The  type  specimen  was  collected  at  Sitka,  Alaska,  by  Mertens  in  1829,  and  is 
deposited  In  the  berbarium  of  tbe  Academy  of  Sciences  at  St  Petersburg.  A 
part,  of  tbe  tj'iie  s|)e<*imen  is  in  tlie  National  Herbarium.     (PI.  I,  fig.  2,  A.) 

In  tbe  original  description  no  type  is  indicated,  but  tbe  description  is  included 
in  an  article  upon  plants  from  Sitka,  and  the  statement  is  made  in  the  introduc- 
tion that  the  plants  were  collected  by  Doctor  Mertens.  When  the  variety  is 
raii»ed  to  specific  rank  the  author  gives  t\*'o  Iwalitles — Sitka  and  Unalaska.  The 
specimen  in  the  National  Herbarium  is  a  single  culm  30  cm.  high,  with  a  short 
decumbent  base ;  culm  leaves  2 ;  panicle  4  cm.  long,  with  the  lower  branch  2.5 
cm.  long,  tbe  branches  bearing  2-^3  spikelets  near  tbe  end. 

A,  (FquivaJris  Trln.  Mem.  Acad.  St.  Petersli.,  Sc»r.  VI.  6*:  302  (Agrostidea, 
II:  116).     1841.    "  Sitcha,  Unalaschka,  inter  muscos  (Mertens  fil.)." 

Deueuji^ia  wquivaJvU  Vasey,  Contr.  U.  S.  Natl.  Herb.  8:  77,  1802.  This  bi- 
nomial is  generally  credited  to  Bentham  (Journ.  Linn.  Soc.  19:  01.  1881), 
but  Bentham  does  not  actually  make  this  combination.  He  says,  under  the 
geuus  Deyeuxia :  '*  In  Achseta  Fourn.,  two  Mexican  si)ecies,  the  awn  apriears  to 
be  deficient,  but  all  the  other  characters  are  those  of  the  typical  Deyeuxia*  with 
a  hairy  rachilla  to  which  I  would  also  refer  the  Af/rofttis  a-quivalvifi  Trin.,  form- 
ing Grisel>ach's  section  Podagrostis.'* 

Culms  tufted,  slender,  smooth,  30-()0  cm.  high.  Blades  narrow  and  uprigTit. 
1  mm.  wide,  somewhat  scabrous,  those  of  the  stem  only  1  or  2  and  appressed, 
usually  4-6  cm.  long;  ligule  semicircular,  2  mm.  long.  Panicle  oi)en,  r>-iri  cm. 
lon^;  branches  slender,  somewhat  scabrous.  S])ikelets  about  3  mm.  long, 
usually  puri>lish ;  empty  glumes  equal,  sharp  ])ointed,  minutely  scabrcms  l)elow 
tip  of  keel ;  flowering  glume  obtuse,  about  as  long  as  empty  glumes ;  palet 
near])'  as  long  as  glume;  rudiment  minutely  pul)escent,  one-fifth  to  one-half  the 
length  of  tbe  fiower.     (PI.  I,  fig.  2.) 

Distribution  ;  Alaska  to  Labrador  and  the  mountains  of  Oregon. 

Axaska:  Sitka,  Mcrteng  (type);  Wright  1579;  Piper  4620;  Unalaska,  KeJ- 
loffg  119;  Helm  Bay.  Flctt  2015;  Yes  Bay,  HoircU  1712.  Grtrman  02;  Latcmche, 
helper  4621.  Vancouver  Island;  Roaendahl  and  Brand  121.  Oregon:  I'aulina 
Lake,  Crook  County,  Leiherg  588  (this  agrees  with  tlie  others,  but  the  spikelets 
are  only  2.5  mm.  long).    Labrador:  Allen  22^  (in  part). 

2.  *A.  thurberiana,  sp.  nov. 

Culms  tufted,  slender,  20-40  cm.  high,  somewhat  decumbent  at  base.  Basal 
leaveH  rather  numerous,  the  blades  lax,  light  green,  slightly  scabrous,  about  10 
cm.  long  and  2  mm.  wide ;  culm  leaves  2  or  3,  tbe  ur)permost  about  the  middle  of 
the  culm,  tbe  blade  only  about  5  cm.  long;  ligule  semicircular,  (i  mm.  Umg. 
Panicle  narvow  and  lax,  more  or  less  drooping,  5-8  cm.  long;  branches  few, 
slightly  scabrous,  2-4  in  each  whorl,  fiower-bearing  from  about  the  middle. 
Spikelets  green  or  pale,  rarely  purple,  2  mm.  long;  empty  glumes  e<]ual,  acute 
but  scarcely  pointed;  fiowering  glume  nearly  as  long  as  the  empty  glumes. 
obtuHe,  faintly  5-nen'ed;  palet  about  1.3  mm.  long;  rudiment  u.<*ually  about 
I  mm.  long,  minutely  hairy ;  callus  very  minutely  hairy. 

The  above  description  is  based  upon  the  tyix*  sDCcImen.  In  other  specimens 
the  width  of  the  leaves  may  be  2-4  mm.  and  the  panicle  may  be  as  much  as 
15  cm.  long;  the  palet  varies  from  i  to  3  the  length  of  the  flowering  glume. 

A.  thurberiana  differs  from  A.  (rquivalvis  Trln.  in  the  wider,  more  numerous, 
and  more  lax  leaves,  smaller  spikelets,  shorter  palet  and  pediwM,  and  the  usu- 
ally narrower  and  less  spreading  panicle. 

The  species  was  first  mentioned  as  a  nomen  nudum  In  a  list  of  gras.ses  by 
Doctor  Bolander:  "  Agrostis  Hillebrandii  (Thurb.),  Sierras  (Doctor  Hille- 
brand).  Little  known  as  yet." — Bolander,  Trans.  Calif.  State  Agri(».  Soc.  for 
18&I  and  18G5   (1800).     Tlie  name  also  appears  in  the  Index  Kewensis  as  a 
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synonym  of  A.  (rquivalvia  Trin.  As  the  name  vyas  first  mentioned  as  a  nomen 
nudum  and  later  as  a  synonym  It  seems  advisable  to  publish  the  species  nnder  a 
different  name. 

The  tj'pe  specimen  of  A.  thurheriQna  was  collected  by  W.  N.  Suksdorf  (No. 
1021)  in  wet  places  on  mountains,  Slcamania  County,  Wash.,  Aufirust  28,  1890. 
(PI.  I,  fig.  1.) 

Distribution  :  British  Columbia  and  Montana  to  California  and  Utah. 

British  Columbia  :  Chillivvack  Valley,  Macoun  2(3(H2,  20043 ;  Asulkan  Glacier, 
Selkirk  Mountains,  Macoun  3.  Washington  :  Mount  Adams,  Suksdorf  24,  194 ; 
Nason  Creek,  Sandherg  and  Lciberg  676.  Oregon  :  Mount  Hood,  Hall  618 ;  Ea^le 
Creek,  Cusick  1060.  Montana:  Gallatin  River,  Tweedy  1019.  Wyomino: 
Teton  Forest  Reserve,  Tweedy  30.  Utah  :  Alta,  Wasatch  Mountains,  Jones 
1275;  Salt  Lake  City,  Jones  1008.  California:  Pine  Creek,  Davy;  Lake  Chi- 
quita,  Congdon  16;  (without  locality)  Bolander  6102;  Lassen  County,  Baker  and 
Nutting;  Fresno  Couiity,  Hall  and  Chandler  604;  Blue  Canyon,  Oreene  in  18d5. 

Section  2.  EuagrrostiB.    Rachilla  not  prolonged. 

*Palet  evident f  2-nerved. 

IfPalet  as  much  as  one-half  the  length  of  the  flowering  glume.    Species  group  of 

A.  alba. 

3.  A.  stolonifera  L. 

A.  stolonifera  L.,  Sp.  PI.  62.  1753.  It  is  best  to  consider  as  the  tj-pe  of  this 
species  the  specimen  in  the  Linna^an  herbarium,  although  the  name  has  been 
applied  erroneously  to  a  stoloniferous  form  of  A.  alba  L.  The  Linmean  speci- 
men is  marked  by  Linnieus  A.  stolonifera^  but  is  what  has  been  called  A.  verti- 
cillata  Vill.  by  later  authors.  For  detailed  notes  upon  this  and  reasons  for  con- 
sidering the  Linniean  a|)ecimen  as  the  tyi>e,  see  Botanical  Gazette  88;  139,  1904. 
In  this  article  I  stated  that  the  Linmean  specimen  was  from  "  Attica."  Mr. 
Theo.  Holm  has  called  my  attention  to  a  statement  by  Ilartmann  (K.  V.  Ak. 
Hand.,  1840),  who  examined  this  specimen  and  says  that  the  characters  which 
I  lnterproto<l  as  Atica  are  A  ^'^'^^  t^^®  meaning  of  which  he  is  unable  to  guess. 

A.  vertwillaia  Vill.,  Prosp.  16.  1779.  "Agrostis  panicula  subsecunda  sub- 
splcatu.  vertlclllis  In  [)enicilluu]  confertloribus.  Floi-es  virides,  numerosissiini ; 
corolla  minim."  Mr.  C.  de  Candolle  has  kindly  sent  me  the  transcript  of  the 
description.     I  do  not  know  where  the  tyi^e  of  this  is  located. 

A.  decumbcm  Muhl.,  hi  Kll.  Sk.  Bot.  S.  C.  and  Ga.,  1 :  136.  I8I6.0  "Grows 
around  Charleston;  rare,  i>orliai>s  imported.  I  should  have  referred  it  to  A. 
diftpar  Michx.,  l>nt  its  size  and  almost  equal  valves  of  the  corolla  forbade." 
Mr.  E.  I).  Merrill  has  examined  the  lyi>e  8i)e(*Imen  in  Elliott's  herbarium,  and 
states  that  it  is  -4.  verticillata  Vill.  (U.  S.  Dept.  Agr.,  Div.  Agros.,  Circ.  29:  10, 
1JK)1).  -4.  dccumheuH  Muhl.,  as  described  in  his  Catalogue,  is  probably  a  form  of 
A.  alha. 

A.  leptos  Steud.,  Syn.  Pi.  Olum.  1:  109,  1854.  I  have  not  seen  this,  but  it 
doubtless  must  be  referred  to  A.  stolonifera  L.  "  Louisiana  "  is  given  as  the 
tvi)e  locality. 

A.  aquatica  Buckley.  I»roc.  Acad.  Nat.  Sci.,  Phila.,  1862  :  90.  1863.  There 
appears  to  l)e  no  tj^iw  of  this  in  existence.  There  is  none  at  the  Philadelpljia 
Academy  of  Natural  Sciences,  and  Doctor  Gray,  In  his  review  of  Buckley's 
plants,  states  that  no  siHH'imen  of  this  was  communicated  to  him  (1.  c,  332). 
The  description  applies  to  .4.  stolonifera  L.  **  On  small  floating  islands  in  the 
mill  i)ond  or  large  spring  at  San  Saba,  the  capital  of  San  Saba  County  "  (Texas). 

In  addition  to  tlie  synouj'ms  given  al)ove  tliere  are  several  in  the  literature  of 
European  plants,  such  as  .4.  stolonifera  dulcis  Pers..  Syn.  1 :  7J),  1805;  Vilfa 
dulcis  Beauv.,  Agrost.  16.  1812;  .4.  dulcis  Slbthori>  in  Pers.,  1.  c,  and  Kunth 
Enum.  1 :  218,  1&13 :  A.  alba  verticillata  Pera.,  1.  c. 


oDate  should  be  December,  1816,  Instead  of  1817,  fide  Barnhart  in  Bui.  Torr. 
Bot  Club,  28:  tW7,  1901.— P.  L.  Kicker. 
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Culms  nsnalb'  decumbent  at  base.  20-^  cm.  high,  sometimes  with  long  creep- 
ing and  rooting  stolons.  Leaves  numerous,  light  or  glaucous  gi*een ;  blades  lance- 
olate, rather  short  and  narrowed  from  l)elow  the  middle  to  the  acute  ai)ex, 
nsoiilly  3-4  mm.  wide  and  5-10  cm.  long.  Panicle  contracted,  lol)ed  or  verticil- 
late,  especially  at  base,  3-10  cm.  loiig,  light  green  or  rarely  purplish ;  branches 
flower-bearing  from  base.  Empty  glumes  equal,  obtuse,  or  barely  acute,  scabrous 
on  bacik  and  keel,  2  mm.  long;  flowering  glume  half  as  long,  awnless,  truncate 
and  toothed  at  apex;  palet  nearly  as  long  as  its  glume.     (PI.  V,  flg.  2.) 

Distribution  :  California  to  Texas,  Mexico,  and  the  warmer  parts  of  South 
America ;  also  in  the  warmer  regions  of  the  Old  World,  from  France  to  India. 

It  grows  in  moist  places,  esiiecially  along  irrigating  ditches.  In  the  United 
States  this  appears  like  an  introduced  species  either  from  the  Old  World  or 
from  farther  south.  We  have  spec-imens  from  Portland,  Oreg.  {Leckcnby  10), 
Walla  Walla,  Wash.  (Leekenhy  32,  probably  cultivated),  and  the  species  oc- 
casionally ocfcurs  in  the  Southeastern  States.  The  following  specimens  will 
illustrate  the  range  in  the  Southwestern  States  and  Mexico  where  the  species  is 
common. 

California:  San  Bernardino  Mountains,  Parish  3284;  Monterey.  Davy  7510. 
Arizona:  Grand  Canyon,  Lciherg  5947;  Tucson.  Tourney  771.  New  Mexico: 
Wright  1084;  Ros\vell,  Earle  500;  Rio  Arriba  County.  Heller  3702.  Utah: 
Rockville,  Jonen  5224.  Texas:  TAndheimer  558;  Austin.  Hall  7(54.  Mexico: 
Valley  of  Mexico,  Pringle  0590;  Ouadnlajnra,  Palmer  230;  Mexico.  Bourgeau 
224 ;  Oaxaca.  .Yc/wwi  1305. 

We  have  specimens  also  from  Guatemala  (J.  /).  Flmith  2702)  and  Bolivia 
(Rusbp  40),  and  the  species  is  probably  common  in  Central  America  and  the 
warmer  parts  of  South  America. 

4.  A.  alba  L. 

A.  aiha  L.,  Sp.  PI.  03.  1753.  Placed  under  the  section  J/w^icrr.  "Agrostis 
panlcula  laxa,  calycibus  muticis  lequalibus.  Roy.  Lugdb.  59.  Habitat  in  Eu- 
popip  nemoribus."  There  are  five  sheets  in  the  Linna^an  herbarium  marked 
A.  a/fta,  but  I  have  considered  as  the  type  the  plant  thus  labeled  in  the  handwrit- 
ing of  Linnieus.     It  has  a  long  ligule  and  a  rather  large  and  compact  panicle. 

A.  dUpar  Michx..  Fl.  Bor.  Am.  1:52.  1803.  "In  Carolina  inferiore."  The 
type  is  in  Michaux's  herbarium  deiwsited  in  the  Museum  of  Natural  History  at 
Paris.  It  is  the  ordinary  form  of  A,  alba.  This  has  often  been  referred  to 
.4.  altissima. 

Vilfa  diapar  Beauv.,  Agrost.  10.     1812.    Transfers  A.  dhpar  Michx. 

A.  vulgaris  alba  Vasey,  Descr.  Cat  47.     1885. 

The  synonymy  given  in  Euroi)ean  literature  is  very  extensive.  I  have 
included  here  only  the  names  by  which  the  8pe<*ies  has  l)een  commonly  known 
In  this  country. 

Culms  erect  or  with  a  decumbent  or  rooting  base,  20-150  cm.  high,  arising 
from  a  tufted  clump  of  roots  and  sending  out  rootstocks  or  stolon-like  stems. 
which  arise  into  culms.  Leaf  blades  numerous,  in  some  forms  stiff  and  upright, 
in  others  lax  and  partially  twisted,  scabrous,  and  sometimes  glaucous,  varying 
in  width  according  to  the  size  and  vigor  of  the  plant ;  ligule  varying  from  long 
and  acute  (5  mm.)  to  short  and  obtuse.  Panicle  upright,  5-30  cm.  long,  with 
numerous,  usually  loose  and  spreading  (not  diffuse)  but  sometimes  contracted, 
branches,  at  least  the  lower  in  whorls.  Spikelets  2-3  mm.  long,  pale  or  purple ; 
empty  glumes  equal,  acute,  somewhat  scabrous  on  the  upper  part  of  keel,  but 
not  conspicuously  so;  flowering  glume  a  little  shorter  than  the  empty  glumes, 
Rometimes  only  %  as  long,  obtu.se,  rarely  awned  on  the  back ;  pnlet  l-'H  as  long 
as  the  flowering  glume.     (PI.  II.) 

DiSTBiBUTioN :  Native  across  the  northern  part  of  the  continent  and  southward 
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in  the  mountnins.  Extensively  euitivnted  as  a  meadow  grass  under  the  name 
of  redtop,  and  a  more  stoloniferous  form  as  a  lawn  grass  under  the  name  of 
creeping  bent.  It  has  escaped  from  cultivation  and  is  well  established  through- 
out the  United  States,  .though  rare  in  the  extreme  South.  The  stoloniferouB  form 
used  for  lawns  has  been  generally  known  as  var.  stolonifera,  but  it  is  not 
A.  stolonifera  L.  which  Is  A.  verticillata  Vill. 

A.  alba  vulgraris  (With.)  Thurb. 

A.  vulgaris  With.,  Bot.  Arr.  Br.  PI.,  Ed.  Ill,  132.  1796.  This  form  was  first 
distinguished  by  Smith  (Icoues  PI.,  54,  1789),  but  no  name  was  given.  Wither- 
ing calls  attention  to  this  and  supplies  a  name.  The  latter  at  the  end  of  his 
description  states:  "A.  capillariH  Iluds.  and  Bot.  Arr.,  Ed.  II.  Very  coniiuon. 
but  chi-efly  grows  on  poor  dry  and  sandy  land."  There  is  no  type  of  A.  vulffaris 
in  existence. 

A.  alha  vulgaris  Thurb.,  in  Gray  Man.,  Ed.  VI,  647.  1890.  "  Nat.  from  Europe 
and  fniltivated,  also  perhaps  indigenous."  Reduces  A.  vulgaris  to  a  varietj'  of 
A.  alha  and  gives  a  description. 

A.  alha  minor  Vasey,  Contrib.  U.  S.  Natl.  Herb.,  8:  78.  1892.  No  tyi>e  Is 
indicated  nor  is  there  a  specimen  in  the  National  Herbarium  which  is  thuH 
marked  by  Doctor  Vasey.  There  is,  however,  a  specimen  which  is  labelc^l 
''Agrostis  vulgaris,  a  low  form,  Washington.  Waste  ground.  Dr.  Geo.  Vasey."' 
This  corresiwuds  exactly  to  the  description  and  may  be  considered  the  type. 

This  subsi)ecies  can  be  separated  only  arbitrarily  from  the  siiecies,  as  there  are 
so  many  intermediate  forms.  Characteristic  specimens  as  found  in  the  United 
States  differ  from  A.  alha  as  follows:  The  culms  are  upright,  rather  slender, 
20-40  cm.  high,  and  often  tufted,  the  rhizomes  at  base  short  or  none;  leaf 
blades  short,  ascending,  5-10  cm.  long  and  1-2  mm.  wide;  ligule  short,  1-2  lum. 
long,  and  obtuse;  panicle  loose,  5-10  cm.  long,  the  branches  few,  spreading,  giv- 
ing it  a  divaricate  appearance.  (PI.  Ill,  fig.  1.)  The  descriptions  of  the 
European  plant  state  that  the  panicle  remains  spreading  after  flowering,  while 
in  A.  alha  the  panicle  contracts.  I  have  not  observed  this  to  be  a  diagnostic 
character.  The  form  here  described  is  common  in  New  England  and  less  so 
farther  south,  and  seems  fairly  distinct  through  this  region.  But  in  the  West- 
ern States,  especially  in  the  mountain  region,  the  forms  intergrade.  causing 
great  perplexity. 

It  Is  difficult  to  determine  with  the  data  at  hand  where  these  forms  may  lie 
native  in  this  country.  The  species  is  widely  cultivated  and  readily  escapes. 
It  appears  to  be  native  in  the  northern  portion  of  our  range  and  in  the  Rocky 
Mountains,  but  the  forms  which  give  most  evidence  of  being  native  are  those 
which  would  be  refeiTed  to  A.  alha  vulgaris,  Tlie  form  found  evidently  intro- 
duced through  a  large  i)art  of  the  United  States  Is  the  large  plant  which  I  have 
referred  to  A.  alha.  This  has  taller  stems,  wider  leaf  blades  which  may  droop, 
larger,  more  dense  panicles,  the  branches  often  spike  let-bearing  nearly  to  the 
base,  ligules  larger,  and  the  stolon-like  rhizomes  often  long  and  stout. 

The  following  si^eclmens  represent  fairly  well  the  smaller  form,  .1.  alha  vul- 
garis: 

Labbador:  Waghome  34.  Newfoundland:  Waghortw  3,  4,  6,  17,  23.  31,  tiS, 
Rohinson  and  Schrcnk,  August  16.  1S94.  New  Brunswick:  St  Andrews,  Foir- 
ler,  July  24,  1900,  July  30,  1001.  Ontario:  Ottawa,  Maeonn  12999.  Maine: 
East  Auburn,  Merrill  20;  Van  Buron.  Fernald  179,  179a;  Orono,  Fernald  532. 
New  Hampshire:  Mount  Washington,  Hitchcock,  July,  1902.  Vermont:  Bur- 
lington, Herb.  Univ.  40.  Massachusetts:  Provincetown,  Hitchcock,  July,  1902. 
Connecticut:  Greens  Farms,  Pollard  111.  Pennsylvania:  Somerset  Countj', 
Saunders  4.  District  of  Columbia:  Hitchcock,  September  20,  1903.  Mich- 
igan :  Kewanee  County,  Far  well  571.  A  specimen  collected  at  Sitka,  Alaska, 
by  Evans  (260)  has  a  palet  and  is  referred  to  this  species. 
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A  teratolojcical  form  of  this  Is  cotnmon  hi  New  Englund.o  The  floral  parts 
are  abnormally  elongated.    The  most  important  synonymy  of  this  is  as  follows ; 

.1.  Hylvatlca  L.,  Sp.  PI.,  Ed.  II,  2:  1665.  17(J3.  "Habitat  in  Angllse  sylvls 
boiiKisls.'' 

.1.  albu  sylvatica  Scribn.,  Mem.  Torr.  Bot.  Club,  5:  40.  1804.  Reduces  A. 
siflvatir'a  L.  to  variety. 

-4«  iHjipmorpha  riripara  Trin.,  T^nifl.,  200.  1824.  Trinius  gives  an  extended 
I'lassitj cation  of  the  varieties  of  A,  polymarpha  Huds.  [A,  alha  L.]  and  includes 
this  form  (A.  sylvatica  L.)  under  '' monstrosa" 

A.  alba  aristata  Gray. 

A,  sfricta  Willd.,  Sp.  PI.  1:  366.  1797.  (Not  of  several  other  authors.) 
*•  A-  paiiicula  elongata,  stricta,  corollis  calyce  minoribus :  arista  e  basi  i>etali, 
tortila.  flore  longiore."  '*  Habitat  in  America  ix>reall."  The  type  of  this  is  in 
the  AVilldenow  herbarium  at  the  Botanical  Garden  in  Berlin. 

.1.  vtricta  Muhl.,  Gram.  65.  1817.  From  the  description  this  ap|)ears  to  be 
the  siinie  as  the  above.  There  Is  no  si>ecinien  in  Muhlenberg's  herbarium  at 
the  Philadelphia  Academy  of  Natural  Sciences.    • 

A.  alha  arhtata  Gray,  Man.,  Ed.  I,  578.  1848.  Gives  short  description  and 
cite«  A .  strkrta  as  a  synonym. 

A.  ncopaa  Steud.,  Syn.  PI.  Glum.  1:  17.  1854  *•  Krbr  Despreaux.  Terra 
uova."     From  the  description  this  api)ears  to  be  the  awned  form  of  .4.  alha. 

Panicle  spreading  ^  flowering  glume  with  an  exserted  dorsal  awn  from  near 
the  tuxse.  Culm  slender  and  rather  delicate;  resembling  .1.  canina,  from  which 
it  differs  in  having  a  palet  about  half  as  long  as  the  glume. 

This  is  scarcely  more  than  a  form  of  A,  alha  vulffaris,  as  the  awn  is  often 
present  only  on  a  part  of  the  spikelets  of  a  panicle.  However,  the  awned  forms 
seeui  ahvays  to  be  comparatively  small  and  delicate.    (PI.  Ill,  fig.  2.) 

I>isTRiDUTioN  :   Northeastern  United  States. 

Maine:  Greenville,  Fcrnald  266;  Southiwrt,  Fcrnald  533;  Fort  Preble.  Gayle 
7Sti.  Rhode  Island:  Providences  Olncy.  Connecticut:  New  Haven,  Alien  in 
1H78-  New  Jersey:  Wlldwood,  Pollard,  July  4,  1897.  Delaware:  Faulkland, 
Commons;  Centerville,  Commons  351.  West  Virginia:  Wyoming  County,  Alor- 
fis  1197;  Morgantown,  Millspaugh  244.  District  of  Columbia:  Hitchcock, 
September  20,  1903.    Virginia:    Portsmouth,  .Voi/c*  4. 

A.  aristata  Sincl.  is  mentioned  in  Steud.  Nora.,  Ed.  II,  1:  39,  1840,  as  a  syn- 
onym of  A.  alha,  but  without  description;  hence  is  not  technically  published, 
and  does  not  interfere  with  the  use  of  A.  alha  aristata  Gray. 

A  si>ecimen  from  meadows.  Cedar  Hill,  Vancouver  Island,  British  Columbia 
{Maeoun  40,  June  16,  1887),  resembles  many  of  the  mountain  forms  of  .4.  alha, 
approaching  variety  vulgaris,  but  the  flowering  glume  is  awned.  The  culms 
are  taller  than  usual  for  variety  aristata  (being  about  60  cm.  high).  This  Is 
mentioned  in  Macoun's  Catalogue  of  Canadian  Plants  2:  198,  1888,  and  5:  392, 
1800,  under  other  names,  but  both  are  nomina  nuda. 

A.  alba  maritima  (Lam.)  Meyer. 

.4.  maritima  Lam.,  Encycl.  1:61.  1783.  "Cette  plante  cnMt  dans  les  lieux 
sabloiieux  et  mari times  des  environs  de  Narbonne,  et  m'a  HO  communiqu{K»  par 
M.  Tabbe  Pourret  (v.  s.)."  I  have  not  examined  the  type  of  this,  but  it  is  prob- 
ably in  the  herbarium  of  the  Jardin  des  Plantes  at  Paris. 

A.  alba  maritima  Mej-er,  Chloris  Hanov.  656,  18ii6,'  fide  Aschers.  &  Graebn. 
Synops.,  2:  176,  1899. 

This  plant  has  been  described  in  European  floras  under  several  names.  The 
New  England  plant  was  referred  to  A.  coarctata  Ehrh.   (HoflPm.  Deutsch.  PI., 

«An  examination  of  one  of  these  specimens  (White  Mountains,  Hitchcoclv, 
July.  1903)  shows  that  this  condition  is  due  to  the  presence  of  nematodes  (a 
species  of  Tylenchus)  in  the  aborted  ovaries. — Ernst  A.  Bessey. 
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Ed.  II,  1:  37,  1800)  in  Britton  &  Brown,  111.  Fl.  and  in  Britton,  Man.  This 
was  reduced  to  a  variety,  A.  alba  coarctata  Scribn.,  in  Rand  &  Redfield,  FL 
Mt  Des.,  177,  1894. 


Culms  in  large  tufts,  often  decumbent  and  rooting  at  the  l>ase.    Leaves 
ascending,  and  rather  thick.    Panicle  contracted,  sometimes  almost  spikelike. 
(PI.  IV.)- 

DisTBiBUTiON :    Delaware  and  northward,  mostly  near  the  coast  in  brack  i^i 
marshes  or  on  sand  dunes. 

Newfoundland:  Waghome  1,  2,  6,  14,  17,  22,  54.  Nova  Scotia:  Canso 
Fowler,  August  8,  1901.  .\ew  Bbunswick  :  Bass  River,  Fowler,  July  16,  1875- 
Maine:  Cape  Elizabeth,  Scrihner,  July  26,  1895;  Oayle,  October  17,  1896; 
Edgartown,  Burgess,  July  17,  1893.  Massachusetts:  Revere,  ChurchUl  in 
1898,  Young  in  1892,  Sears  in  1883;  Nantucket,  Hitchcock,  July,  1902.  Con- 
necticut :  Storrs,  Hitchcock,  July,  1902 ;  Groton,  Graves,  243 ;  Southington,  J5t«- 
sell  in  1895.  Pennsylvania  :  Philadelphia,  ballast,  Heritage  10.  New  York  : 
Amagansett,  L.  I.,  Peck  2.  New  Jebsey  :  Wild  wood.  Pollard,  July  4,  1897- 
Delawabe  :  Slaughter  Beach,  95 ;  Greenbank,  96 ;  Faulkiand,  July  9, 1879 — all  by 

Commons, 

5.  A.  huxnilis  Vasey. 

A.  humilis  Vasey,  Bui.  Torn  Bot  Club,  10:  21.    1883.    "  Has  the  appearance 
of   .4.  varians,  but  that  si)ecies  has  no  palet    Found  by  W.  N.  Suksdorf  on 
Mount  Paddo,  Washington  Territory,  and  by  Mr.  Howell  on  Mount  Adams." 
The  type  collected  by  Suksdorf  on  Mount  Paddo  (now  called  Mount  Adams) 
is  in  the  National  Herbarium.     (PI.  VIII,  fig.  1.) 

Culms  slender,  tufted,  from  a  perennial  root,  erect,  10-40  cm.  high.  Leaves 
mostly  basal,  the  blades  2-10  cm.  long,  2  mm.  or  loss  wide,  flat  and  thin,  or  in 
dwarf  specimens  conduplicate  or  filiform.  Panicles  2-8  cm.  long;  in  the  taller 
si)ecimens  rather  oikju  and  loosely  flowered,  in  dwarf  plants  narrow  and  almost 
spikelike.  Spikelets  usually  purple,  1^-2  mm.  long ;  empty  glumes  equal,  rather 
broad,  and  abruptly  pointed,  smooth  or  slightly  scabrous  on  upper  part  of  keel ; 
flowering  glume  nearly  as  long  as  empty  glumes,  awnless;  palet  usually  about 
two-thirds  as  long  as  flowering  glume,  or  rarely  shorter. 

The  dwarf  forms  can  scarcely  be  distinguished  from  A.  rossw  except  by 
the  presence  of  a  palet.  The  larger  forms  api)ear  to  pass  into  A,  aV>a  vulgaris^ 
but  the  spikelets  are  somewhat  smaller. 

DisTBiBUTioN :  British  Columbia  to  Oregon  and  Colorado  at  high  altitudes. 

British  Columbia:  Selkirk  Moimtalns,  Canhy  4;  Chilliwack  valley,  Macoun 
260:i3.  Washington:  Mount  Rainier,  Piper  1975,  1977,  Allen  C;  Olympic 
Mountains,  Elmer  1951 ;  Mount  Adams,  Suksdorf  25,  602,  Howell  85 ;  Skamania 
County,  Suksdorf  1079 ;  Okanogan  County,  Elmer  077.  Oregon  :  Eagle  Creel: 
^loun tains,  Cusick  1006,  1070.  Idaho:  Bitter  Root  Forest  Reserve,  Leihe^g 
2JM8,  2969;  Mill  Creek,  Henderson  3927.  Wyoming:  Yellowstone  Park,  Rose 
700,  Tweedy  (K)3;  Teton  Mountains,  Tweedy  24,  26,  Merrill  and  Wilcoit  335, 
344;  Carbon  County,  Nelson  4014;  Albany  County,  Nelson  1814,  5202:  Dome 
Lake,  Nelson  2413;  Bighorn  County,  Nelson  415,  Williams  2952.  Colobado: 
Bufl'alo  Pass,  Shear  and  Bessey  1447,  1452,  1460,  1461,  1478,  1479,  1486;  Silver 
Plume,  Rydberg  2456 ;  Rocky  Mountains,  Hall  and  Harbour  673 ;  Denver,  Eoift- 
wood;  Marshall  Pass,  Clements  213.  I  have  also  referred  to  this  sijet'ies  Prin- 
gle's  No.  4251,  collected  in  the  State  of  Mexico,  at  an  altitude  of  12,000  feet 

6.  A.  depressa  Vasey. 

A.  depressa  Vasey,  Bui.  Torr.  Bot.  Club,  18:  54.     1886. 

The  following  is  the  original  description :  "  Culms  decumbent  and  geniculate 
at  the  base,  becoming  erect,  6  to  10  inches  high,  slender,  leafy  below ;    leaves 
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short  and  narrow,  plain,  1  to  2  inebes  long,  one-balf  line  wide,  acute ;  ligule  con- 
^icuouB,  about  one  line  long,  obtuse  and  ciliate  at  apex ;  sbeatliH  smootb,  stri- 
ate, the  lower  ones  loose :  panicle  narrow,  1  to  2  incbes  long,  or  in  age  liroader 
and  more  spreading :  tbe  branches  sbort,  variable  in  number,  2  to  5  at  the  lower 
joints  and  unequal ;  i)edicel8  scabrous,  about  as  long  as  the  spikelets,  empty 
glumes  nearly  equal,  about  1  line  long,  ovate-lanceolate,  acute,  roughisb  on 
the  keel  above;  flowering  glume  one-third  shorter,  narrowly  oblong,  obtuse  or 
minutely  dentate  at  the  apex ;  pa  let  narrow,  half  as  long  as  its  glume.  Collected 
in  Clear  Creek  Canyon,  Colo.,  by  II.  N.  Patterson,  1885."     (PI.  V,  fig.  1.) 

This  rests  u|ion  a  single  collection,  the  type  specimen  being  in  the  National 
Herbarium.  What  I  take  to  be  the  same  species  occurs  on  the  Pacific  coast  and 
was  named  .4.  cjtarata  Htolonifera  Vasey.  Bui.  Tojr.  Bot.  Club,  18:  W,  188<;  (fol- 
lowing A.  depreasa).  "Bottom  lands  of  the  Columbia  River,  collected  by  Mr. 
W.  N.  Suksdorf."  The  tyi)e  of  this  is  also  deposited  in  the  National  Herbarium. 
The  original  description  is  appended:  "Agrostis  cxarata  var.  ntolonifera  V.  Ces- 
pltose:  culms  8  to  12  Inches  high  from  a  decuml>ent  base,  with  numerous  short 
leaves,  which  are  seldom  more  than  an  inch  long,  narrow, acuminate;  the  radical 
lesives  also  short  and  abundant;  ligule  membranaceous,  conspicuous,  obtuse; 
panicle  1§  to  2  inches  long,  purplish,  narrow ;  branches  very  short  and  clustered, 
moKtly  flowering  to  the  base,  some  of  the  lowest  longer  and  naked  below ;  spike- 
lets  about  1  line  long,  sometimes  two-fiowered ;  empty  glumes  nearly  e<]ual,  acute, 
hispid  on  the  keel ;  fiowering  glumes  one-third  shorter,  oblong-ovate,  toothed  at 
the  ai)ex,  sometimes  with  a  short  awn,  palet  small,  equaling  the  ovary ;  long, 
leafy  stolons,  sometimes  a  foot  long,  are  often  emitted  from  the  base,  the  joints 
1  to  2  inches  apart.  Bottom  lands  of  the  (Columbia  River,  collei'ted  by  Mr. 
W.  N.  Suksdorf.     Perhaps  a  good  species." 

This  s|)ecies  is  characterized  by  its  tufted  geniculate  culms;  short,  narrow 
upright  culm  leaves,  which  are  very  sc»abrou8  on  l)otli  surfaces ;  tbe  conspicuous 
ligule  2-3  mm.  long;  and  the  narrow  spikelike  panicles.  The  flowering  glume 
Itears  a  minute  prickle  on  the  back  below  the  tip  which  represents  the  cxcurrent 
keel.  (PI.  VI.) 
Distribution:  Colorado,  Washington  to  California. 

Washington  :  Klikitat  ('ounty,  Huksdorf  40,  14(>.  Oregon  :  Astoria,  Leek- 
enby;  Gearhart,  Hitchcock;  Fort  Stevens,  Hitchcock.  California:  Mendo- 
cino County,  Davy  and  Blasdale  G124.     Colorado:  Patterson  4(i. 

Suksdorrs  plants  have  numerous  2-flowered  spikelets  seemingly  staminate, 
each  with  palet  i-i  the  length  of  the  flowering  glume,  and  his  140  has  some  of 
the  spikelets  awned. 
.4.  depresna  is  connected  with  .4.  alha  through  A.  alha  maritima. 
I  have  observed  A.  dcpressa  growing  on  the  sand  dunes  near  the  (*oast  at 
Gearhart  and  Fort  Stevens,  Oreg.  The  tufts  send  out  stolon  if  erous  stems  which 
creep  over  the  sand  for  several  feet.  The  sheaths  on  these  runners  are  somewhat 
inflated  and  the  blades  are  only  1-2  cm.  long.  The  runners  often  end  in  an 
ascending  flower  culm.  When  the  plant  grows  in  sand,  rhizomes  are  fornunl. 
The  type  specimens  do  not  show  these  stolons,  but  in  other  particulars  they 
are  similar.  This  species  is  quite  common  along  the  coast  of  Oregon,  Imt 
apparently  is  quite  rare  in  the  interior,  as  sliown  by  the  single  collection  from 
Colorado. 

It  is  unfortunate  that  a  species  well  known  In  one  locality  should  have  as  its 
type  a  specimen  from  a  widely  separated  locality  and  a  si)eclmeu  also  which 
does  not  show  the  characteristic  habit  of  the  more  western  form.  It  Is  to  be 
hoped  that  intermediate  collections  of  the  species  may  be  made  which  will  throw 
light  upon  this  question  of  range. 


( 
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7.  A.  rosei  Scribn.  .£  HerrUl. 

A.  ro»pi  Scribn.  &  Merrill.  U.  S.  Dept.  Agr..  Olv.  AgroB..  Bui.   24 :  21.     lOOl. 

The  following  is  a  copy  of  the  original  description : 

"A  slender,  erect  perennial,  4  to  5  dm,  higli.  with  short,  flat  lenves  and  very 

open,  capillary  panicles.  1  to  l.B  dm.  long.    Culms  glabrous,  goniewbut  K<^til(.-u- 

late  at  the  lower  nodes;   sheaths  shorter  than  tbe  interuodea,  smooth,  strlHte; 

llgule  hyaline,  obtuse,  2  mm.   long;    leaf  blades  linear,  acuminate.  .'>  to  8   em. 

lonR.  2  to  3  mm.  wide,  scabrous  on  both  sides  and  on  tbe  margins.  Panicle 
rer.v  oi*n,  pale  or  purj'llah.  tht> 
branches  capillary,  the  lower 
ones  vertlcllUite,  the  upi>er  oiieti 
opposite,  spread!  1 1^.  dleboto- 
inonsly  or  verticil  lately  branch- 
ing, somewhat  scabrous,  tbe 
lower  ones  5  to  6  cm.  Ioiir: 
pedicels  elongated,  flexiioiw. 
Splkelets  about  2  mm.  lon^ : 
empty  glumes  ovate- lanceoliite, 
acute,  Habe<]ual.  thin,  sllgbtlr 
scabrous  on  tbe  keel  above ; 
Howeriug  glume  slightly  shorter 
than  the  empty  glumcti.  obtuse, 
otten  with  2  or  3  blunt  teeth  at 
tbe  apex ;  awn  attached  near  tbe 
base,  equaling  or  sllgtitly  ex- 
ceeding the  glume,  finely  sca- 
bmus,  straight  or  slightly  l>ent 
near  the  middle.  I'alea  very 
thin,  hyaline,  lanceolate.  ohtuBC. 
nearly  three- fourths  as  Iour  as 
tbe  flowering  glume.  Gniln 
lanceolate,  about  1.5  mm.  long." 
Ty|)e  s|)ecluie]i  collected  on 
Sierra  Mad  re' Mountains,  State 
of  Kat-atecns.  Alexlco,  J.  N,  Uosu 
2:J73,  August  18,  1887. 

In  addition  to  tbe  tyt>e  we 
have  one  si>eclmen :  New  Mrx- 
ico :  Cloverdale,  Heamn  -Hfi, 
July  K).  1802, 

^fl'alct  about  onc-tourth  the 
lenffth  of  (he  fioKcring  gluitic. 
Fuiiiclc  contract fd. 

8.  A.  glomeratft  (Presl)  Knntb. 

Vllfa  glumcrata  Presl,  Hel. 
ilariuk  1;    23!).     1830.     "Hah. 

TwA.—.lgroKli'  mgi-i  ScTibn.  &  Merrill;  n,  a  splkelet:  In  niontauls  I'enivlft!  huanoc- 
6,  the  awned  flowering  glume  and  patea;  c.  the  ceuslbus."  The  type  specimen 
Jiraln.  Is    Id    tbe    Presl    herbarium    at 

Prague.  It  Is  a  single  plant 
with  a  narrow  panicle,  somcwbat  Interrupted  below,  short  palet  and  awnlesa 
(lowering  glume.  I'resl  dewcrlhes  the  jwilet  as  Iwing  as  long  as  the  flowering 
glume  C'l'aletP  iw|ullongie")  ami  places  It  In  tbe  genus  Vi(/a,  hut  the  type 
siveclmen  has  the  piilet  onlv  aliout  one-fifth  as  long  as  the  flowering  glume. 

.4.  yhimcrala  Kunth,  Enuni.  1:  210.  18:13.  "  Peru  via."  Transfers  VUfa 
ilfimrrain  I'resl,  and  gives  description. 

Agrostia  californica  Trln.,  Mem.  Acad.  St  Peterab.,  Ser.  VI.  6':  359.  1841. 
(Agrostldea  II:  113.)  Trlnius  cites  VUfa  gtomcrala  Presl  as  a  synonym,  but 
gives  as  the  locality  "California.  Iti  montanis  Peruvla;  buanoccenslbus."  The 
type  specimen  Is  la  tbe  herbarium  of  tbe  St  Petersburg  Academy  of  Sciences. 
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A  few  spikelets  from  the  type  are  deponlted  in  the  National  Herbarium.  Trin- 
ins  describes  the  flowering  glume  and  pnlet  as  being  equal  ("  Valvulie  SBquales, 
glabrae*'),  but  in  the  type  specimen  the  palet  is  one-fourth  the  flowering  glume. 
The  type  specimen  has  scabrous,  somewhat  inflated  sheaths,  panicle  4  inches 
long,  dense  and  interrupted,  and  no  awn  to  the  flowering  glume. 

A  densiflora  Vasey,  Contr.  U.  S.  Natl.  Herb.  3:  72.  1892.  "  Santa  Cruz,  Cal. 
(Dr.  C.  L.  Anderson)."  The  ty\}e  specimen  is  in  tlie  National  Herbarium.  (Pi. 
VH.  fig.  2.) 

.4.  denaxftora  arenaria  Vasey.  Contr.  U.  S.  Natl.  Herb.  8:  72.  1802.  "  Seashore 
Mendocino  County  (C.  G.  Pringle,  in  1S82)."  The  type  s|)ecimen  is  in  the  National 
Herbarium.  It  is  more  decumbent  and  spreading  at  base  and  the  panicles 
are  somewhat  narrower  but  other  8i)ecimen8  connect  this  with  A,  densiflora 
Yai«ey. 

.4.  arenaria  Scribn.  Is  mentioned  as  a  synonym  under  A,  densiflora  arenaria 
Vasey  (1.  c. ) ,  and  consequently  has  the  same  tj'fie. 

A.  inflata  Scribn.,  in  Beal,  Grasses  2:  325.  181)6.  "British  Columbia  (Van- 
cx>uver  Island),  Macoun  258  in  1898."  Type  specimen  in  the  herbarium  of  Prof. 
W.  J.  Beal.  Agricultural  College,  Michigan  (No.  258). 

Macoun*s  No.  259  is  in  the  National  Herbarium  and  is  probably  the  plant  to 
which  Scrlbner  gave  the  name.  Mr.  Macoun  writes  that  No.  258  was  collected 
June  9.  18JW,  and  No.  259  about  August  7  of  the  same  year.  They  were  not  col- 
lected at  quite  the  same  locality,  but  he  considers  them  evidently  the  same 
fqiecies  and  growing  under  the  same  conditions.  It  is  to  be  noted  that  No.  258 
has  the  empty  glumes  awned,  while  in  No.  259  they  are  only  slender-acuminate. 
(PI.  VII.  fig.  1.) 

This  differs  from  A.  densiflora  Vasey  in  being  dwarf  (less  than  10  cm.  high) 
and  in  having  the  flowering  glume  provided  with  a  bent,  exserted  awn. 

Culms  erect  or  ascending,  usually  20-30  cm.  high,  stout,  more  or  less  scabrous 
below  the  panicle.  Leaves  with  conspicuously  striate,  often  inflated,  sheaths, 
rather  thick,  striate,  scabrous,  blades  abruptly  pointed  or  boat-shaped  at  apex, 
2-8  mm.  wide,  3-7  cm.  long.  Panicles  close  and  spikelilie,  2-7  cm.  long,  5-15  mm. 
thick,  in  the  larger  forms  more  or  less  lobed.  Spikelets  about  3  mm.  long ;  empty 
glumes  equal,  scabrous  on  keel  and  somewhat  on  back,  sharp-i)ointed,  but  usually 
not  awned ;  flowering  glume  2  mm.  long,  awn  less  or  with  a  straight  or  bent  awn 
from  the  middle  of  the  back;  callus  hairs  short;  palet  about  .5  mm.  long, 
2-Derved. 

DiSTBiBUTioN :  British  Columbia  to  Peru,  along  the  seacoast.  Vancouver 
Island  :  Macoun  259.  Obegon  :  Cape  Foulweather,  Lake  in  1890.  California  : 
Mendocino  Ck>unty,  Davy  and  Blasdale  0025,  6167,  6135,  Pringle  in  1882,  Congdon 
in  1902 ;  Point  Reyes,  Davy  6755,  6792,  6793;  Santa  Cruz,  Anderson;  (without 
locality)  Kellogg  and  Hartford,  Bigelow  in  1853-54;  Bolander  6466  in  part. 

This  is  evidently  the  A.  mucronata  of  Thurber  in  Botany  of  California  2:  272. 
1880.  The  description  applies,  and  there  is  a  s|x»cimen  in  Mr.  Nash's  herbar- 
ium *' Mendocino  Co.,  California,  Seacoast,  Bolander  64f>6."  (See  note  on  A. 
nana  under  A.  hrevlculmis.)  This  specimen  Is  small  and  resembles  the  type  of 
A.  inflaia  Scribn. 

The  root  of  A.  glomerata  is  described  by  Vasey,  Beai,  and  others  as  annual 
end  by  Trinius  as  perennial.  I  am  unable  to  determine  certainly  from  the  spec- 
imens whether  or  not  the  species  is  perennial.  There  is  no  indication  of  more 
than  one  year's  growth,  but  the  base  of  the  stem  seems  too  robust  for  an  annual. 
The  awn  is  variable.  Although  the  type  is  awnless  most  of  our  specimens  have 
nwDs  of  varying  length  and  in  the  same  specimen  the  awn  may  be  present  or 
absent. 

A.  mucronata  Presl  has  been  cited  by  some  authors  as  a  synonym  of  this.  I 
examined  this  plant  at  Prague  and  do  not  think  it  occurs  in  the  United  States. 
It  differs  from  A.  glomerata  in  having  the  finer  leaves  mostly  basal,  the  panicle 
contracted  but  loose  and  fine  in  appearance,  and  the  empty  glumes  awn-pointed* 
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♦♦  Palet  wanting  or  a  small  nerveless  scale, 

f  Flowering  glume  provided  with  a  very  slender  aicn  about  5  mm.  long. 

Delicate  annuals. 

9.  A.  exi^a  Thnrb. 
A.  exiflua  Thurb.,  In  Brewer  and  Wntson,  Bot.  Calif.  2:  275.     1880. 


tt 


'Annual;  culm  (including  panicle)  1  to  4  inches  high,  erect,  flattened,  very 
slightly  scabrous  toward  the  nodes,  sometimes  branching  from  near  the  bnse : 
leaves  from  an  inch  to  2  lines  long  or  less,  those  ui)on  the  branches  sometimes 
with  the  blade  reduced  to  a  mere  point,  mostly  convolute,  roughened  on  both 
sides  and  margins,  especially  near  the  apex ;  ligule  about  a  line  long,  acute : 
sheaths  very  loose,  strongly  striate  and  minutely  scabrous;  panicle  half  the 
length  of  the  plant,  included  and  at  first  narrow,  at  length  open;  lower  rays 
about  5,  the  others  in  pairs,  the  longer  about  an  inch  in  length,  bearing  1—5 
flowers  above  the  middle,  scabrous;  spikelets  three-fourths  of  a  line  long,  the 
pedicels  much  enlarged  Just  below ;  glumes  not  i)ointed,  the  lower  slJKbtly 
longer,  aculeolate  on  the  keel  and  with  minute  scattered  hairs  all  over,  especially 
at  the  apex,  generally  tinged  with  purple:  floret  of  but  1  palet,  equaling  the 
glumes,  the  callus  very  minute,  with  a  few  hairs;  palet  5-nerved,  scabrous 
with  few  minute  hairs,  very  acute  at  apex,  the  midnerve  prolonged  into  n 
roughish  awn  4  lines  longer  than  itself,  inserted  about  one-fifth  below  the  tip 
of  the  palet,  which  is  split  down  to  that  point  forming  2  setae;  upper  palet 
not  manifest  or  a  mere  scale ;  stamens  ( 1 )  ? 

"  Foothills  of  the  Sierras,  Bolander.  The  specimens  accompanied  a  much 
reduced  form  of  A.  exarata,  from  which  it  is  abundantly  distinct,  as  it  also  is 
from  A.  canina.''     (PI.  VIII,  fig.  2.) 

At  the  Gray  herbarium  I  have  examined  Bolander's  specimen,  a  portion  of 
which  is  deposited  in  the  National  Herbarium,  and  am  unable  to  identify  it 
with  any  other  species  of  the  United  States.  It  is  unusual  to  have  a  siwcles 
so  rare  as  is  indicated  by  a  single  collection  in  a  region  so  well  known  as 
California,  and  I  suspect  that  the  si)ecies  is  either  introduced  or  occurs  farther 
to  the  south  In  Mexico  or  Central  America,  the  species  of  which  region  are  not 
sufllciently  well  known. 

Mr.  Thurber  at  first  referred  this  to  A.  clliottiana,  which  It  resembles  in 
habit.  But  it  differs  from  that  species  in  having  the  flowering  glumes  as  loug 
as  the  empty  glumes,  the  lol)e8  extending  into  two  awned  teeth,  and  In  the  stouter 
straight  awn.  The  empty  glumes  are  only  slightly  acute,  1.5  mm.  long,  equal, 
slightly  scabrous  on  back.     Awn  scabrous,  straight,  .>-6  mm.  long. 

10.  A.  elliottiana  Schult. 

A.  arachnoides  Ell.,  Sk.  1:  134.  1816.  "  From  specimens  collected  near 
Orangeburg,  by  M*.  1.  S.  Bennett"  Not  .1.  Qrachnoidta  I'oir.,  Suppl.  1:  249, 
1810.  The  tviie  of  A.  arachnoides  VAX.  is  In  Elliott's  herbarium,  and  has  been 
examined  by  Mr.  E.  1).  MeiTlll    (U.  S.  Dept.  Agr.,  DIv.  Agros.,  Clrc.  2»:    10. 

1901). 
A.  elliottiana  Schult,  Mant  2:  372.     1824.     Name  changed  from  the  pre<'edlng. 

Annual.  Culms  slender  and  delicate,  10-40  cm.  high.  Blades  small,  slender, 
and  soft.  Panicle  diffuse,  branches  slender  and  spreading,  scabrous,  spikelet 
bearing  toward  the  extremity.  I^npty  glumes  e<iual,  acute,  scabrous  on  keel. 
1.5  mm.  long;  flowering  glume  about  1  mm.  long,  very  thin  and  delicate, 
short-hairy  at  base,  with  a  very  delicate  sinuous  awn  about  5  mm.  long, 
attached  on  the  back  below  the  apex  (sometimes  unawned) ;  palet  none.  (PL 
IX,  flg.  1.) 

Distribution  :  South  Carolina  to  Missouri  and  Texas. 

South  Carolina:  Orangeburg,  Hitchcock.    Georgia:  Stone  Mountain,  Small 
705,  Curtiss  6771;  Rome,  Chapman.     Alabama:  Tuskegee,  Carver  56;  Mobile,     - 
Mohr.    Tennessee:  Kingston  Springs,  Qattinger  3391   (Curtiss  N,  A.  Plants). 
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Iixiivois :  Johnson  County,  Evvlyn  Ridgtcay.  Missouri:  Chadwick,  Bush  48; 
Eagle  Rock,  Bush  258;  Jefferson  County,  Eggert  161.  Abkansas:  Benton 
County,  Plank  90.  Mississippi  :  Biloxl,  Tracy  4554.  Louisiana:  (without  local- 
ity) Bu9h  a3;  Carpenter.  Texas:  Houston,  Hall  7G2,  763;  Gillespie  County, 
Jermy  0220;  Galreston,  Plank  04;  Columbia,  Bush  120;  Dallas,  Revcrchon 
1000 ;  Gregory,  Heller  1565. 

tt  Flowering  glume  awnless  or  provided  with  a  short  awn.    Perennials, 

tPlants  spreading  by  rhizomes. 

^Flowering  glume  provided  at  base  toith  a  tuft  of  hairs,  1-2  mm.  long. 

11.  A.  hallii  Vasey. 

i4.  haim  Vasey,  Contr.  U.  S.  Natl.  Herb.  8:  74.  1802.  Tlie  original  description 
Is  as  follows :  **  Culms  erect,  stout,  2  to  3  feet  high,  smooth,  not  stoloniferous : 
lower  lenves  narrow,  inclined  to  be  involute,  the  upper  ones  flat,  3  to  6  inches 
long,  1  to  2  lines  wide,  scabrous ;  ligules  2  to  3  lines  long,  acute ;  panicle  6  to  0 
inches  long,  the  rays  erect,  spreading,  the  lower  in  clusters  of  5  to  many,  un- 
equal, the  longer  ones  2  to  3  inches,  branching  above  the  middle;  splkelets  1^ 
lines  long,  somewhat  appressed  and  crowded ;  empty  glumes  acute,  1^  to  2  lines 
long,  scabrous  on  the  keel ;  the  floral  glume  nearly  as  long,  with  2  tufts  of 
hairs  at  the  base ;  palet  wanting.     Oregon,  Washington,  and  California/' 

The  type  s|)ecinien  was  collected  in  Oregon  by  E.  Hall  in  1871  and  Is  marked 
••A.  Hnllil  **  in  Doctor  Vasey 's  handwriting.  It  Is  deposited  in  the  National 
Herbarium.     (PI.  X,  fig.  2.) 

The  description  quoted  above  is  evidently  based  upon  several  specimens  and 
probably  includes  more  than  one  s|MK!les.  The  description  states  that  the  plants 
are  not  stoloniferous,  but  the  type  specimen  does  not  show  the  base  of  the  plant 
The  composite  nature  of  the  description  Is  also  Indicated  by  the  latitude  given 
in  the  measurements  and  in  the  range. 

A.  davyi  Scrlbn.,  U.  S.  Dept  Agr.,  Div.  Agros.,  Circ.  80 :  3.  1901.  "  In  brush 
on  hillsides  near  Point  Arena,  Mendocino  County,  Cal.  No.  (i()G2  Davy  and 
Blasdale.*'  The  type  specimen  is  deposited  in  the  National  Herbarium.  Mr. 
Davy  has  added  a  note  that  this  was  collected  near  mouth  of  Albion  River. 
(PI.  XI.) 

A.  occidentalis  Scrlbn.  &  Merrill,  Bui.  Torr.  Bot  Club,  29  :  466.  1002.  "  Tyiie 
specimen  <x)llected  by  C.  L.  Shear,  No.  1644,  in  a  moist  glade,  McMlnnsvllle, 
Yamhill  County,  Oreg.,  July  20,  1809."  Type  specimen  de(K>sited  in  the  National 
Herbarium.     (PI.   XI  A,) 

The  ligules  In  the  type  specimen  of  A.  hallii  are  in  a  rather  unsntlsfnctory 
condition  and  are  only  three  in  number,  but  are  proportionately  shorter  than  In 
most  of  the  specimens  referred  to  here.  In  this  respect  Henderson  7  and  Hail 
619,  both  from  Oregon,  agree  -with  the  type. 

Culms  about  1  m.  high,  leafy.  Blades  3-5  mm.  wide,  10-15  cm.  long;  ligule 
nsaaliy  conspicuous,  often  nearly  1  cm.  long.  Panicles  10-12  cm.  long,  narrow 
or  somewhat  spreading.  Splkelets  pale,  the  lower  glume  acuminate,  al)out  4 
mm.  long,  the  u|>per  a  little  shorter ;  flowering  glume  3  mm.  long,  with  a  tuft  of 
hairs  at  base  about  1.5  mm.  long;  no  awn  or  palet 

DiSTBiBUTiON :  Oregon  and  California,  from  Santa  Cruz  northward. 

Obbqon  :  Yamhill  Ck)unty,  Howell 67 ;  Yoqulna  Bay,  Lake  8 ;  (without  locality) 
How  619;  Henderson  7.  Califobnia  :  I>el  Norte  County,  Davy  and  Blasdalc 
5918;  Humboldt  County,  Davy  and  Blasdale  5493,  572.3,  5873,  6175;  Mendocino 
County,  Davy  and  Blasdale  6051,  6054,  6062,  6122 ;  Heller  5848 ;  Sonoma  County, 
Bioletti  110;  Mount  Tamalpais,  Congdon;  Alameda  County,  Davy  4252,  Blank- 
mhip  4,  Michener  and  Bioletti  128 ;  Santa  Cruz,  Anderson  In  1886. 

A.  hallii  pringlei  (Scrlbn. )  comb.  nov. 

A.  pringlei  Scrlbn.,  U.  S.  Depi,i-dtgf .,  Dlf.^T^g«ea.j  Bui.  7 :  156.  1897.  "  Plains, 
Mendocino  County,  Cal.  (Ejrffigl©^V-f4AdHiioi1tllw;Br^  (?)."    Type  speci- 

men deposited  in  the  N^^KJli^vlIerbarlum.    (P1.%LI.>\ 
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Differs  from  A,  hallii  in  iiaiTower  and  more  compact  panicles,  narroijver  and 
more  Involute  leaves,  and  the  whole  foliage  more  stramineous  in  appearance. 

California  :  Mendocino  County,  Pringle  in  1882,  Congdon  in  1901,  Davy  and 
Blasdale  6030,  6075. 

The  type  specimen  was  first  named  in  the  herbarium  A.  repens  Scribii.,  and 
this  name  is  mentioned  as  a  synonym  under  A.  scouleri  Vasey  (Contr.  U.  S. 
Natl.  Herb.,  8  :73.     1892). 

=  =  Tufts  of  hairs  at  hose  of  flowering  glume  minute  or  toanting. 

12.  A.  pallens  Trin. 

A.  pallens  Trin.,  Mem.  Acad.  St.  Petersb.,  Ser.  VI,  0»:  328.  1841.  (Agros- 
tidea  II:  82.)  "Amer-borealis?  (Hooker)."  The  type  specimen  is  in  the  her- 
barium of  the  St  Petersburg  Academy  of  Sciences.  It  is  marked  "  T.  243,"  as 
are  other  specimens  received  from  Hooker.  In  the  National  Herbarium  are  a 
few  spikelets  from  the  type  si)ecimen  and  also  a  photograph  of  the  plant,  which 
is  a  single  erect  culm  with  a  few  narrow  root  leaves,  one  culm  leaf  and  a  con- 
tracted panicle. 

A.  exarata  littoraUs  Vasey,  Bui.  Torr.  Bot.  Club,  18:55.  1886.  "Found  by 
Mr.  T.  J.  Howcil  on  the  sandy  seashore  in  Oregon."  Ty|>e  siiecimen  in  the 
National  Herbarium,  labeled  "  No.  64,  Seashore,  Tillamook  Bay,  Oregon.  T.  J. 
Howell,  July  14,  1882." 

Culms  rather  stiffly  upright  from  creeping  rhizomes,  20-40  cm.  high,  glabrous. 
Blades  erect,  1-^  mm.  wide,  5-10  cm.  long.  Panicles  contractetl,  almost  spike- 
like, 5-10  cm.  long,  5-10  mm.  wide.  Spikelets  2.5-3  mm.  long,  emptj'^  glumes 
equal,  slightly  scabrous  on  keel,  but  smooth  on  back ;  flowering  glumes  a  little 
shorter,  awnless;  palet  minute.     (PI.  XIII,  fig.  1.) 

Distribution  :  Washington  to  California,  near  the  seashore. 

Washington  :  Westport,  Henderson  211G.  Oregon  :  Tillamook  Bay,  Hotcell 
64;  Seaside  County,  Shear  and  Scribtier  1701,  1723,  Hitchcock  in  1901.  Cali- 
fornia:  (without  locality)  Bolander  18,  50G4,  Lemmon  in  1875;  Del  Norte 
County,  Davy  and  Blasdale  in  1899 ;  Point  Reyes,  Davy  6082,  6839. 

A.  pallens  foliosa  (Vasey)  comb.  nov. 

A,  foliosa  Vasey,  Bui.  Torr.  Bot.  Club,  18:  55.  April,  1880.  "Culms  1^  feet 
high,  erect,  smooth;  culm  leaves  4  or  5,  erect,  somewhat  rigid,  4  to  6  inches 
long,  H  to  2  lines  wide,  long  t)ointed  ;  ligule  about  2  lines  long,  lacerate  at  apex ; 
panicle  4  to  5  inches  long,  oi)cu  and  loose,  the  lower  branches  mostly  in  fives, 
unequal,  the  lower  1  inch  long  or  more,  somewhat  spreading,  capillary,  rather 
few-flowered,  mostly  naked  below ;  spikelets  little  more  than  1  line  long, 
lanceolate,  abruptly  acute;  flowering  glume  nearly  as  long  as  the  outer  ones, 
5-nerved,  obtuse  and  shortly  4  or  5  toothed  at  apex ;  palet  wanting.  Col- 
lected in  Oregon  by  T.  J.  Howell.  The  panicle  much  like  a  short  branched  A. 
albar 

This  name  api)eared  first  as  a  nomen  nudum  (Bui.  Torr.  Bot  Club,  10:  63, 
188.'i)  in  Professor  Scribner's  "List  of  Grasses  from  Washington  Territory." 
thus,  ^^Agrosiis  foliosa  Vasey  ined.  equals  Nos.  1  and  47  of  Howeirs  Oregon 
coll." 

Doctor  Vasey  rmblished  a  second  description  in  the  Botanical  Cassette  for 
Decern l)er,  1886,  page  337.  "  Collected  in  Oregon  by  Thomas  Howell  and  by 
Dr.  II.  N.  Bolander." 

I  have  taken,  as  the  tj'iie  of  this,  one  of  the  specimens  collected  In  Oregon  by 
T.  J.  Howell  in  1881,  labeled  A.  foliosa  in  Doctor  Vasey's  handwriting  and  desig- 
nated as  "No.  1."    This  specimen  is  unawned.     (PI.  XIV,  flg.  1.) 

There  Is  an  A.  foliosa  Ilortul.  in  Kunth.,  Enum.,  1:  207,  1833,  but  It  has  no 
standing,  as  it  Is  mentioned  only  as  a  synonym  under  Cinna  flliformis. 

The  Washington  nnd  Oregon  specimens  have  mostly  a  rather  loose  panicle. 
Southward  into  California  the  panicle  tends  to  be  narrow^er  and  the  branches    j 
more  appressed. 
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A.  diegoensis  Vasey,  Bui.  Torr.  Bot  Club,  18 :  55.  1886.  "  Culmg  erect,  stout, 
2  to  3  feet  or  more  high,  smooth,  leaves  4  to  7  Inches  long.  1  to  2  lines  wide, 
erect,  those  of  the  culm  with  long  sheaths  (the  upper  ones  8  or  9  inches  long)  : 
\igale  about  2  lines  long,  acute ;  panicle  (>  to  8  inches  long,  lanceolate,  the  Joints 
rather  distant  (the  lower  li  to  2  inches)  ;  branches  numerous,  unequal,  erect, 
the  longer  ones  about  2  Inches  long,  and  florlferous  above  the  middle,  the 
shorter  floriferous  to  the  base,  the  flowers  numerous;  splkelets  light  green,  1^ 
to  2  lines  long,  outer  glumes  acute,  scabrous  on  the  keel ;  flowering  glume  one- 
third  shorter,  oblong,  obtuse,  the  mldnerve  terminating  about  the  middle,  with 
or  without  ai  minute  awn ;  palet  none.  Collected  at  San  Diego,  Cal.,  by  C.  R. 
Orcutt.  The  panicle  resembles  that  of  A.  alha^  but  Is  narrower,  stouter,  and 
more  closely  flowei-ed." 

There  are  several  specimens  In  the  National  Herbarium,  collected  In  the  vicin- 
ity of  Sam  Diego  by  Mr.  C.  R.  Orcutt.  I  have  considered  the  tyiie  to  be  among 
thofie  collected  at  the  earliest  date  (1884),  and  marked  A.  diegoensis  In  Doctor 
Vasey*s  handwriting.  Of  these  I  have  arbitrarily  selected  one  sheet  as  the  type 
specimen.  This  is  marked  "  B,**  and  Is  from  Smithes  Mountain.  This  was 
selected  because  it  is  a  more  perfect  specimen.  (PI.  XVII.)  It  happens  that 
this  plant  has  the  awn  better  developed  than  many  of  the  others,  but  I  am  unable 
to  connect  the  presence  of  the  awn  with  other  characters.  Only  two  or  three 
of  thene  specimens  show  rootstocks,  but  the  others  appear  to  have  been  broken 
off  at  the  surface  of  the  soil. 

A.  multiculmis  Vasey.**  In  numerous  distributions."  given  as  a  synonym  under 
1.  dieffoefisis  in  BeaPs  Grasses,  N.  A.,  8 :  328.    1806. 

Culms  erect  or  nearly  so,  usually  rather  firm  or  stiff,  or  in  the  slender  forms 
wiry,  more  or  less  tufted,  but  provided  with  creeping  rootstocks,  50-120  cm.  tall. 
Blades  varying  from  very  narrow  to  3  mm.  wide,  usually  stiff  and  appressed, 
but  sometimes  more  lax,  the  lower  ones  often  pale,  straw-colored  or  brown  at 
time  of  flowering;  llgule  short  and  rounded  or  acutlsh.  Panicle  pnle  green  or 
rarely  pnrpUsh,  usually  narrow,  with  appressed  or  at  least  stiff  branches,  10-30 
cm.  long,  some  of  the  branches  bare  on  lower  portion,  other  shorter  ones  splkelet- 
bearlng  from  base;  In  some  forms  the  panicle  Is  more  open  and  spreading. 
Empty  glumes  nearly  equal,  more  or  less  scabrous  on  keel  and  sometimes 
minutely  so  on  back,  2-3  mm.  long;  flowering  glume  nearly  as  long  as  outer 

I    Illumes,  or  only  three-fourths  as  long,  hairs  at  base  minute ;  awn  absent  or  short 
and  straight  or  rarely  bent;  palet  none.     (PI.  XV,  and  PI.  XVI,  fig.  1.) 
Distribution  :  British  Columbia  to  California. 

In  the  following  specimens  the  awn  Is  evident  though  not  always  exserted : 
Washington:  Stony  places.  Cape  Horn,  Skamania  County,  Suksdorf  2.*W2. 
Orbqon  :  Near  the  glacier  on  Mount  Hood,  Henderson  7 ;  Mount  Hood,  Howell 
42 ;  Cascades  of  the  Columbia,  Haieell  197 ;  In  springy  places  along  the  Apple 
gate,  Hotrell  221  In  1887;  Portland,  Bolander  In  1880;  (without  locality),  Cusick 
115.3,  Howell  1,  4,  10,  48,  84.     Cai.ifobnia  :  Lemmon  In  1882. 

In  the  following  specimens  the  awn  Is  wanting  or  Is  only  a  short  dorsal 
prickle : 

British  Columbia:  Vancouver  Island,  Macoun  301.30.  Washington:  Cas- 
cade Mountains,  Vasey  in  1889;  Mason  County,  Piper  049,  9.50;  Falcon  Valley, 
Suksdorf  131,  200,  908;  Skamania  County,  Suksdorf  2.331,  2058;  Klickitat 
County,  Suksdorf  199;   Whitman  County,  Vasey  in  1802.  Vasey  (Jr.)  30.54.  3057, 

*  Piper  1929,  3043,  Elmer  1026.  Idaho:  Henderson  3061;  Moscow,  Henderson 
4^41.  Oregon:  Henderson  10;  Portland,  Howell  51;  Roseburg.  Howell  219; 
Maltnomah  Falls,  Bolander  in  1866;  Soda  Springs,  Jones  306.  California: 
Mount  Shasta,  Palmer  2660;  Eagle  Lake,  Davy  in  1894;  Humboldt  County, 
Davy  and  Blasdale  6216;  Placer  County,  Carpenter  In  1892;  Marin  County, 
Davy  6832,  6837;  San  Francisco,  Bolander;  Amador  County,  Hansen  611,  620, 
1738,1741,1818,1987;    Monterey  County,  7>avj/ 7701,  7702;    Santa  Cruz,  A nrfrr- 

ji    wn;  Santa  Catallna  Island,  Brandegee  50;  Santa  Rosa  Island,  Brandegec  (56; 
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San  Diego,  Cleveland  5,  73 ;  Orcutt,  several  si)ecimens  collected  In  1S84  and  two 
In  1890. 

This  variety  intergrades  with  the  Bi>ecles,  differing  chiefly  in  babit,  the  CfilBHi 
l>eing  taller,  the  foliage  more  lax,  and  the  panicle  more  open.  The  form  which 
happened  to  be  described  first,  and  hence  is  taken  as  the  species,  is  confined  to 
the  sandy  seacoast,  and,  like  other  seacoast  forms,  has  a  more  camp&ct 
panicle,  more  conspicuous  rhizomes,  and  stiffer  foliage.  The  type  specimen  of 
A.  folioHa  Is  unawned,  but  other  sr)ec*imens  which  resemble  it  In  other  respects 
have  the  flowering  glume  provided  with  a  dorsal  awn  varying  from  a  mere 
prickle  to  an  exserted  awn. 

A  few  of  the  Orciitt  specimens  from  San  Diego  have  larger  splkelets,  varying 
from  3.5-4.5  mm.  In  length,  and  the  culms  are  tall  and  stout,  but  I  am  unable  to 
distinguish  them  otherwise. 

%%  PlanfH  tufted,  l)ut  not  producing  rhizomes. 

=  Panicle  narrow,  usually  a  part  of  the  lower  hranclies  spifcelet-bearing  from 

the  base, 

a.  Panicle  strict;  branches  very  short  and  appressed,    A  low  cespttose  plant 

« 

13.  A.  breviculmis  nom.  nov. 

Trichodium  nanum  Presl,  Rel.  Haenk.  1:  243.  1&30.  "Hah.  in  Peruvia?" 
PresFs  type  specimen  of  Trichodium  nanum  is  at  Prague.  It  is  the  same  as  fig- 
ured by  Scrlbner.  Ann.  Rep.  Mo.  Rot.  Gard.  10:  54,  58,  pi.  34,  flg.  2,  3.  189a 
A  discussion  of  the  Identity  of  our  plant  with  Presl's  is  given  in  U.  S.  Dept  Agr., 
Div.  Agros.,  Olrc.  80:  2,  1001. 

A,  nana  Kunth,  Enura.  1 :  226.  1833.  "  Peruvlae?  '*  Transfers  Trichodium 
nanum  and  gives  a  description. 

According  to  the  strict  application  of  the  rules  of  priority,  a  new  name  must 
be  given  to  this  plant  on  account  of  A.  nana  Delarbre,  Fl.  Anverg.,  E^d.  2,  180(1 
Tills  is  a  form  of  A,  alba  and  seems  not  to  have  heeh  taken  up  by  later  authors. 

Culms  short,  10-15  cm.  high,  densely  cespitose.  Blades  narrow  and  rigid, 
conduplicate  or  filiform,  scabrous  on  margins,  2-4  cm.  long,  scarcely  more  tb.nn 
1  mm.  wide.  Panicles  strict  and  narrow,  2-3  cm.  long,  branches  closely  appressed, 
scabrous,  not  more  than  1  cm.  long.  Splkelets  2^-3  mm.  long,  the  first  glume  ft 
little  longer  than  the  second,  both  acute  and  scabrous  on  the  back,  especially  on 
the  keels,  pale  and  of  firm  texture ;  flowering  glume  about  1.8  mm.  or  a  little  less, 
awnless  or  w^ith  a  very  short  awn  Just  above  the  middle;  palet  minute,  about 
.3  mm.  long,  nerveless.     (PI.  XVIII.) 

Distribution  :  California  to  Peru. 

California:  Near  Fort  Rragg,  Mendocino  County,  Bolander  646G  in  part, 
on  cliffs,  Davy  and  Blasdale  6159.  New  Grenada  :  Spruce  5036.  Peru  :  WHke$ 
Exped. 

A.  nana  Kunth  is  described  by  Scrlbner  and  Merrill  as  having  a  perennial  root, 
and  in  Davy  and  Blasdale*s  s])ecimens  this  appears  to  be  so,  although  this  is  not 
certain. 

In  the  Gray  herbarium  is  a  si)e(Mmen  from  the  seacoast,  Port  Bragg  (Mendo- 
cino County),  Cal.,  Bolander,  No.  (Um.  This  does  not  agree  with  Thurber** 
description  of  A.  inncronata  Presl  In  Botany  of  California,  and  hence  there 
has  l)een  great  confusion.  (See  note  under  A,  glomerata,)  Thurber's  descri|>- 
tlon  applies  to  A.  glomerata  Kunth  (.4.  calif ornica  Trin.,  A,  densiflora  Vasey). 
and  In  the  herbarium  of  Mr.  George  V.  Nash  Is  a  specimen  of  this  from  Men- 
docino County,  Cal.,  ticketed  **  Bolander,  6466."  Thus  there  were  two  siietles 
collected  by  Bolander  under  the  same  number,  A.  glomerata  Kunth  and  A.  nami 
Presl,  and  the  latter  was  sent  to  the  Gray  herbarium.     In  tlie  note  in  Botany  of 
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California  Mr.  Bolander  mentions  collecting  "at  tbe  same  time  what  Is  appar- 
ently a  much  weatherworn  awnless  form  of  it,  but  it  is  too  Imt)erfeot  for  deter- 
mination/' This  iH  .4.  nana  Kunth,  tlie  slender  form  in  Mr.  Nnsh's  herbarium. 
.  Mr.  Nash  has  sent  to  the  National  Herbarium  culms  from  his  specimens  of 
Bolander  •34t>6,  representing  both  species.  Tbe  slender  form  has  a  small  palet 
scarcely  i  mm.  long  and  is  identical  with  Davy  and  Blasdale,  G159.  This  is 
.4.  nana.  It  has  the  short  truncate  flowering  glume,  with  denticulate  apex.  It 
IS  the  same  as  the  sxiecimen  in  the  Gray  herbarium. 

The  stouter  form  looks  much  like  the  above,  but  has  an  awn  below  the  apex  of 
the  longer  and  aaite  flowering  glume,  and  the  palet  is  about  one-fourth  the 
length  of  the  flowering  glume.  Awn  short,  barely  exserted.  This  is  .4.  glam- 
erata,  though  it  Is  much  smaller  and  the  panicle  narrower  than  most  of  our 
s|)eoimen8,  thus  closely  resembling  .4.  inflaia  Scrlbn. 

ao.  Panicle  narrow  hut  not  strict;  some  of  the  lower  branches  2  cm,  or  more  long. 

Oroup  of  .4.  exarata, 

6.  Flowering  glume  with  an  exserted  awn. 
14.  A.  microphylla  Steud. 

A.  microphylla  Steud.,  Syn.  PI.  Glum.  1  :  1(>4.  1854.  "Agraulus  brevlfollis 
Xees  Mpt.  Douglas  legit  In  Am.  Sptr."  I  have  not  seen  the  ty|ie  of  this,  but  I 
think  there  is  little  doubt  that  It  Is  tbe  form  with  short  spikelike  inflorescence. 

Polvpitgon  alopecuroides  Buckley,  Proc.  Acad.  Nat  Scl.,  Phila.  ISttS:  88. 
1863.  **  Columbia  Plains,  Oregon,  Nuttall.*'  Gray  states  In  his  criticism  of 
Bnckley's  species  (1.  c,  332)  that  this  was  distributed  as  Deyeuxia  alopecu- 
roides  by  Nuttall,  and  consequently,  if  it  is  distinct  from  .4.  exarata^  to  which  he 
refers  It,  the  name  should  be  Agrostis  alopecuroidea.  Gray  thus  mentions  two 
synonyms.  Nuttall's  plant  is  in  the  herbarium  of  the  Philadelphia  Academy  of 
Natural  Sciences. 

.4.  vire9cen9  microphylla  Scrlbn.,  U.  S.  Dept.  Agr.,  Dlv.  Agros.,  CI  re.  80:  2 
1901.     Reduces  A.  microphylla  Steud.  to  a  variety. 

A.  microphylla  major  Vasey,  Contr.  Natl.  Herb.  8:  72.  1892.  Vasey  quotes 
as  synonym  "(Agrostis  exarata  var.  microphylla  Watson)."  The  description 
Inclndes  several  forms  and  no  specimens  or  deflnlte  localities  are  cited,  only 
**  with  the  same  range  as  the  typical  form."  As  Vasey  cites  an  unpublished  name 
of  Watson,  I  have  asxumed  that  Wat<»on'8  plant  Is  the  type  of  this  varlf*ty. 
(PL  XIX,  flg.  1.)  Watson  describes  his  plant  (Bot.  King's  Exp.  377,  1871) 
as  a  variety  of  .4.  exarata,  "  Var.  (.4.  microphylla,  Steud.  Syn.  Gram.  164.  Tor- 
rey.  Pac.  R.  U.  Surv.  4:  154),"  and  cites  as  localities,  "On  the  Tnickee  Ulver 
and  In  the  West  Humboldt  Mountains,  Nevada."  No.  "(1284)."  The  flrst  cited 
specimen  which  Is  from  Truckee  valley,  Nevada,  collected  at  4.000  feet  altitude, 
in  July,  1807,  Is  taken  as  the  tyjie.  Specimens  from  both  localities  were  distrib- 
uted under  No.  12S4.  1  find  no  sixH-lmens  marked  in  Vasey's  handwriting 
A,  microphylla  major.  The  specimen  is  more  robust  than  the  type  of  .4.  micro- 
phylla, but  there  are  all  gradations  connecting  the  two. 

Culms  tall  and  often  stout,  50-100  cm.  or  more  or  sometimes  reduced. 
Blades  flat  and  scabrous,  elongated,  in  the  larger  forms  as  much  as  7  ram., 
but  usually  2-3  mm.,  wide.  Panicle  narrow,  close,  and  spikelike  or  rather 
loose,  10-30  cm.  long,  branches  scabrous,  flower-bearing  nearly  to  base.  Empty 
j^lunies  nearly  equal,  2.5-3  mm.  long,  scabrous  on  keel  and  usually  also  on 
back,  acuminate  or  setaceously  i)ointed ;  flowering  glume  about  one-third 
shorter,  awned ;  awn  attached  about  the  middle  of  tlie  back,  exserted  and  bent ; 
imlet  none.     (PI.  XIX,  flg.  2.) 

Distribution  :  British  Columbia  to  California. 

Washincto.n:  Heller  4010.  Oregon:  Howell,  Hall  014,  Shear  1045,  164a 
California:  Bolander  4648,  Orcult  1176,  Davy  and  Blasdale  5142,  Davy  66(52. 
Lower  California:  Orcutt.  Vancouver  Island:  Dawson  56;  Macoun  31. 
Washington  :  Falcon  Valley,  Pringle  in  1881 ;  Suksdorf  1,  47 ;  Douglas  Ck)unty, 
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Sandberg  and  Leiherg  327 ;  Seattle,  Piper  828 ;  Chehalis  County,  Heller  4010. 
Obbgon:  Hall  614;  Tamhill  County,  Shear  1645,  1648,  1650;  Grants  Pass, 
Howell  In  1884 ;  Roseburg,  Howell  223 ;  Washington  County,  Howell  55 ;  T^liite 
Horse  Ranch,  Oriffiths  and  Morris  469.  Nevada  :  Truckee  valley,  Watson  1284, 
September  1867.  California  :  Bolander  4648,  6078 ;  Mendocino  County,  Pringle 
in  1882,  Davy  6573,  Davy  and  Blasdale  5142 ;  San  Francisco,  Bolander  19 ;  Point 
Reyes,  Davy  6777;  Monterey  County,  Davy  7725;  Santa  Cruz,  Anderson  In  1S86; 
Middle  Tule  River,  Purpus  5638;  San  Diego,  Orcntt  518,  1173,  1176;  Ck>ntra 
Costa  County,   Davy  6662. 

The  type  of  this  species  represents  a  dwarf  form.  Of  the  specimens  cited  the 
following  are  similar  to  Steudel's  plant,  the  others  being  like  the  Watson 
plant  or  intermediate: 

Obbson:  Grants  Pass,  Howell  in  1884;  California:  Orcutt  1176;  Mendocino 
County,  Davy  and  Blasdale  5142,  Davy  6573;  (without  locality)  Bolnnder  4048. 

15.  A.  ampla  sp.  nov. 

Culm  erect  from  a  slightly  decumbent  base,  stout,  75  cm.  high.  Blades  5-8 
mm.  broad,  about  15  cm.  long,  scabrous:  ligule  5-6  mm.  long,  rounded.  Panicle 
large  and  spreading,  20-25  cm.  long;  branches  numerous,  verticillate,  many 
shorter  ones  splkelet-bearing  from  base,  the  longer  5-7  cm.  long.  Spikelets  pale 
or  purplish ;  lower  empty  glume  4  mm.,  upper  3.2  mm.  long,  acuminate,  but  not 
awn-pointed,  hispidulous  on  keel  and  slightly  and  very  minutely  papillate  on 
back,  but  not  scabrous ;  flowering  glume  2.3-2.5  mm.  long,  awned ;  awn  inserted 
about  the  middle  of  the  back,  bent  at  the  middle  or  nearly  straight,  4r-5  mm. 
long ;  palet  a  minute  nerveless  scale  about  .8  mm.  long. 

The  type  specimen  is  Suksdorf  135,  collected  on  wet  rocks  near  Rooster  Roclc, 
Multnomah  County,  Oreg.,  July  16,  1885.  This  is  in  the  National  Herbarium. 
(PI.  XX.) 

Distribution:  British  Columbia  to  Arizona. 

Vancouvkb  Island  :  Macoun  82.  Washington  :  Clallam  County,  Elmer  1953. 
Falcon  valley,  Suksdorf  132;  Seattle,  Henderson  2113  (this  specimen  has  a 
decuml>ent  and  rooting  base)  ;  Whatcom  County,  Suksdorf  1184;  Hingen,  Suks- 
dorf 2829.  Oregon:  Yamhill  County,  Shear  1633,  1636,  1639,  1643,  1616;  Rose- 
burg, Howell  216,  217  In  1887;  Portland,  Bolander  in  1886;  UnuKiua  valley, 
^Howell  218;  Washington  County,  Howell  53  in  1881.  California:  Bolander 
4801,  6079;  Mendocino  County,  Davy  and  Blasdale  5199,  5262,  6118;  Broicn  779; 
Placer  County,  Palmer  2420 ;  Middle  Tule  River,  Purpus  5638.  Arizona  :  Santa 
Rita  Mountains,  Pringle  in  1884. 

Many  of  the  specimens  referred  here  have  a  more  dense  panicle  than  the 
type  but  differ  from  the  large  forms  of  A.  microphylla  in  having  a  more  verticil- 
lately  lobed  panicle  and  less  awn-pointed  glumes.  From  A.  exarata  this  species 
differs  in  possessing  the  awn  and  in  the  less  scabrous  glumes.  A  few  s|>ecimens 
seem  to  be  intermediate  l)etween  this  and  the  other  two  si)ecie8.  From  A.  lon- 
giligula  it  differs  in  the  shorter  ligule  and  in  the  short  flower-bearing  branches  of 
the  panicle. 

This  species  appears  to  be  the  A.  virescens  of  Tlmrl)er  in  Botany  of  California, 
page  274,  but  differs  from  .4.  viresecns  H.  B.  K.  in  the  longer  awn,  more  si>read- 
ing  panicle,  and  stouter  culms. 

66.  Flowering  glume  atcnless  or  the  awn  included. 

16.  A.  exarata  Trin. 

A.   exarata  Trin.,   Gram.    Unlfl,   207.     1824.     "(Paniculae  contractiusculae) 
radiis  3,  4,  a  basi  floriferis,  hispidls;     perinnthio  nmtico  glumis  acuminatis  i 
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breriori :  valviila  superlore  parva ;  foliis  lanceohito-Iinearibus,  plants.    V.  spp. 
ex    Unalasehka,    unde    retulit    cl.     Dr.    Eseliliolz.     (Vulviilu    inferior    dorRo 

eiarata.)" 

In  the  Trinius  herbarium  there  are  three  siieclmens  of  .4.  exarata,  parts  of 
all  of  wbicb  are  deposited  in  the  National  Herbarium ;  one  collected  by  Kos- 
UlAky  in  Uualaska  In  1829  (Pi.  XXI,  fig  1),  one  collected  at  Sitka  by  Mertens 
in  1829,  and  one  collected  at  Sitka  by  Eschholz  in  1826.  None  of  these  Is  the 
type  specimen  that  was  collected  in  Unalaska  by  Kschholz  before  1824.  If  the 
type  is  in  the  Trinius  herbarium  I  overlooked  it.  The  si)ecimens  indicated  above 
are  mentioned  in  his  subsequent  work,  Agi'ostidea  II. 

A.  grandis  Trln..  Mem.  Acad.  St.  Petersb.,  Ser.  VI,  «*:  316.  1841.  (Agros- 
tldea  II:  70.)  "Columbia  (Hooker)."  This  is  based  upon  a  large  panicle 
only.  This  form  is  common.  The  i)a:iicle  is  stout,  long,  and  rather  dense, 
usually  interrupted  below,  as  much  as  a  foot  long.  The  plant  is  stout,  with 
leaves  G  or  8  mm.  wide.  In  the  National  Herbarium  are  spikelets  from  Trinius' 
specimen  In  the  herbarium  of  the  St.  Petersburg  Academy  and  also  a  photo- 
graph of  the  single  panicle,  which  I  examined  in  the  Trinius  herbarium, 
labeled  **  Columbia  N.  W.  Amer.,  No.  376.  of  Hook.  Cat."  The  empty  glumes  are 
2  mm.  long,  slightly  unequal,  acuminate,  scabrous  on  keel.  The  flowering 
glume  is  about  two-thirds  of  the  length  of  the  outer  glumes,  unawned.  (PI. 
XXII.) 

A.  QHperifoUa  Trin.,  Mem.  Acad.  St  Petersb.,  Ser.  VI,  6»:  317.  1841.  (Agros- 
tldeall:  71.)  In  the  Trinius  herbarium  there  is  a  single  culm  representing  the 
upi>er  part  of  the  plant,  which  is  labeled  **  T.  182."  This  represents  a  somewhat 
larger  panicled  form  than  A.  exarata,  but  does  not  differ  in  essentials.  (PI. 
XXI,  fig.  2.) 

.4.  exarata  aspcri folia  Vasey,  U.  S.  DepL  Agr.,  Dlv.  Bot.,  Bui.  18:  No.  31.  1892. 
Described  as  a  fonn,  but  with  no  reference  to  synonyms.  "California  to  Wash- 
ington." 

-4.  exarata  minor  Hook.,  Fl.  Bor.  Am.  2:  239.  1840.  "  Perlantho  univalvi 
.4.  drummotidi  Torrey,  mst  Valleys  of  the  Uocky  Mountains  on  the  east  and  on 
tlie  west  side  of  the  dividing  ridge.  Dnnnmond.  Douglas."  I  have  examined 
ttie  HixK-imens  of  Drummond  and  Douglas  in  the  herbarium  of  Kew,  and  take 
them  to  be  only  small  forms  of  A.  exarata.  These  two  specimens  are  further 
referred  to  in  Hooker,  Flora  Antarctica  2:  373,  1847,  in  a  note  on  4.  tenuifolia 
Bleb.  var.  Fretensis,  "  Intennediate  between  them  is  a  common  Rocky  Mountain 
species,  collected  by  Douglas  and  descril)e<l  as  .4.  exarata  in  tlie  *  Flora  Boreall- 
Americana '  (vol.  2,  p.  239).  There  are,  however,  two  forms  of  A.  exarata; 
one  from  the  east  side  of  the  Rocky  Mountains,  whi(4i  has  the  scabrid  broader 
leaves  of  the  true  A,  exarata  and  a  distinct  upi^er  pnlea  (this  is  the  ,4.  drum- 
mondii  Torrey  Ms.)  ;  the  other  (or  Douglas')  from  the  west  side  of  the  divid- 
ing ridge  is  smaller,  more  slender,  with  small  locustae,  and  no  upper  palea.  It 
agrees  closely  with  the  Magellanic  plant  in  size  and  foliage,  and  bears  the  name 
of  A.  tenuifolia  ?  Bleb.,  appended  to  it  by  Doctor  Torrey."  l)upllcatt»s  of  the 
Mnie.  mounted  on  one  sheet,  are  deposited  in  tlie  Torrey  herbarium  at  the  New 
York  Botanical  Garden. 

A.  (tcouleri  Trln.,  Mem.  Acad.  Sci.  St.  Petersb.,  Ser.  VI,  6*:  323.  1841.  ( Agros- 
tidea  II:  83.)  "  Nutka  Sund.  (II<x)ker)."  The  type  specimen  is  in  tlie  herbarhuii 
of  the  St.  Petersburg  Academy  of  Sciences.  It  consists  of  a  single  culm,  with  a 
small  panicle,  labeled  "  Nutka  Sound  T.  145."  This  species  has  bt»on  much  mis- 
understood by  American  botanists,  and  the  name  has  usually  been  npplied  to 
w>me  form  of  A.  pallens,  from  which  it  differs  in  the  presence  of  the  small  palet. 
Trinius'  statement  that  **  valvula  ♦  ♦  ♦  superior  ovarium  ae(iuante "  has 
iieen  questioned,  but  his  type  si>ecimen  shows  a  small  palet  The  type  shows  no 
rhizome  and  an  awnless  flowering  glume.     (PI.  XVI.  fig.  2.) 

A.  albicans  Buckley,  Proc.  Acad.  Nat.  Sci.  Phila.l862ij91.  18(53.  "Oregon 
Columbia  Woods  Nuttall."  Type  seen  in  herbarium  of  tlie  Philadelphia 
Academy  of  Natural  Sciences,  but  Doctor  Gray,  in  Iiis  remarks  ui)on  Buckley's 
plants  (I'roc.  Acad.  Nat  Sci.  Phlla.,  18(52,  p.  3.34),  says  that  this  was  "  named  by 
Xnttall  A.  oregonensis"  slightly  altering  tlie  name  from  what  it  apr)ears  on  Nut- 
tail's  label. 

A,  tenuifolia  Bleb.  This  name  was  mentioned  by  Prof.  F.  L.  Scribner  in  an 
nrticle  on  some  grasses  collected  by  Frank  Tweedy  ("A  List  of  Grasses  from 
Washington  Terr.,"  Bui.  Torr.  Bot  Club,  10:  («,  1883)  as  follows:  *'Agro8- 
tiff  tenuifolia.  Bleb.,  Trln.  Icon.  3.  t  (55.  This  appears  like  a  slender,  narrow- 
leaved  awnless  form  of  Agrontin  exarata,  and  has  l)een  so  referrtnl  (No.  1127 
Kellogg  &  Hartford).     It  seems  to  be  a  well-marked  ?ipecles,  however,  and  so 
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well  accords  with  Trinius*  figure  of  A.  tenuifolia  that  I  have  little  liesitatloD 
in  referring  it  to  that  si^ecies.  As  I  understand  A.  exarata,  I  am  not  prepared 
to  unite  this  8i>e('ies  with  it.'*  Tweedy's  specMmen  Is  A.  exarata,  I  have  refer- 
red doubtfully  to  A.  exarata  a  specimen  collected  by  Pringle  at  Summit  Valley. 
Sierra  Nevada  Mountains,  California,  September  22,  1882,  at  an  altitude  of  8.000 
feet,  and  which  closely  resembles  Trinius*  figure  of  A,  tenuifolia.  The  whole  plant 
is  tufted  and  delicate,  with  narrow,  fiat  leaves.  A,  tenuifolia  is  described  as 
having  involute  leaves. 

Culms  erect,  from  20  to  30  cm.  to  1.5  m.  in  height,  tufted  but  without 
rhizomes.  Blades  short,  narrow,  and  upright,  or  long,  wide  (5  mm.  or  even 
more)  and  lax,  very  scabrous.  Panicle  erect,  5-^30  cm,  long,  contracted,  and 
spikelilice  or  loose  and  somew^hat  spreading,  but  the  branches  almost  tklwsiyH 
densely  flowered,  very  scabrous,  spikelet-bearing  nearly  to  base.  Spikelets  pale, 
rarely  purple;  empty  glumes  equal  or  the  lower  slightly  longer,  acute,  aeuml' 
nate  or  sometimes  sharp-pointed,  2.5-3.5  mm.  long,  ciliate-scabrous  on  the  keels 
and  often  scabrous  on  back ;  flowering  glume  about  2  mm.  long,  the  iii{dner\'e 
usually  excurrent  above  the  middle  as  a  tiny  point  or  prickle,  rarely  ^v-lth  a 
short,  straight  awn;  palet  small,  about  .3  mm.  long.     (PI.  XXIII.) 

Besides  the  form  with  robust  panicle  described  by  Trinius  under  A.  grandi^s 
is  one  with  panicle  close  and  spikelike  resembling  Muhlenhergia  racemosa 
Michx.)  B.  S.  P.  of  the  Eastern  States.  (PI.  XXIII.  A.)  However,  these  forms 
are  all  connected  by  numerous  transition  specimens  so  that  it  is  impossible  to 
segregate  them  even  as  sub8i>ecies. 

Distribution  :  Alaska  to  Mexico.  The  following  are  a  few  si)ecimen8  to  rep- 
resent distribution : 

Alaska:  Yes  Bay,  Howell  1710;  Unalaska,  Evans  518;  Juneau,  Coville  and 
Kearney  2473.  British  Columbia:  Chllliwack  valley,  Macoun  26038;  Alberta, 
Macoun  18(n2.  Washington  :  Montesano,  Heller  3967,  Pullman,  Piper  1759. 
Oregon  :  Blue  Mountains,  Shear  1692,  Howell  217,  Cu^ick  804.  Idaho  :  llailey, 
Henderson  3269.  Montana  :  Black  Hawk,  Rydherg  3275 ;  Helena,  Shear,  385. 
Wyoming:  Bear  Lodge  Mountains,  Williams  26(>3;  Albany  County,  E.  Nelson 
472.  Nebraska:  Thomas  County,  Rydherg  1492.  Colorado:  Silverton,  Shear 
1227;  Pagosa  Peak,  Baker  147;  Mancns,  Tracy  4.325.  Utah:  Aquarius 
Plateau,  Ward  742 ;  Ogden,  Tracy  324.  Nevada  :  Humboldt  Mountains,  Watsim 
1283;  Reno,  Tracy  226.  California:  Mount  Sliasta,  Palmer  2C»34;  Santa  Uosn, 
Heller  5()54;  New  York  Falls,  Hansen  613.  Arizona:  Tourney  135;  Lemnion 
3159.  New  Mexico:  Wright  19(59,  1970;  Santa  Fe,  Vasey.  Mexico:  State  at 
Chihuahua,  Pringle  1421.  It  has  also  been  collected  in  Wisconsin,  but  this  Ip 
out  of  its  range  and  is  probably  an  accidental  siiecimen. 

A.  grandis  is  well  represented  by — California:  Hansen  1826;  Davy  and  Bias- 
dale  6053.  Washington:  Elmer  1952.  Cotjorado:  Shear  and  Bessey  1441. 
The  form  with  spikelike  panicle  by — Californl\:  Palmer  2634.  Nevada, 
Tracy  218.     Oregon,  QriffUhs  and  Morris  907.     Washington,  Piper  1759. 

17.  A.  ro888d  Vasey. 

A.  varians  Trin.,  Mem.  Acad.  St.  Petersb.,  Ser.  VI,  6*:  314.  1841.  (Agros- 
tidea  II:  68.)  "America  Iwreal?  (Hoocker  217)."  Not  A.  varians  Thuill.,  Fl. 
Paris  17t)0.  which  Trinius  refers  to  .1.  caniua  L.  The  type  specimen  is  in  the 
Trinius  herbarium  in  the  St.  Petersburg  Academy  of  Sciences,  and  is  labeled 
"T.  217."  A  i)ortion  of  the  type  is  deposited  in  the  National  Herbarium.  In 
the  Torrev  herbarium  is  a  duplicate  type  collected  on  summit  of  Grass  Hill, 
Rocky  Mountains,  by  Hooker,  No.  217.     (PI.  XXIV,  fig.  2.) 

Trinius,  in  his  description  of  A.  varians,  seems  to  have  Included  A,  humilis,  as 
he  descril)es  the  palet  as  being  absent,  or,  if  present,  nearly  as  long  or  about 
half  as  long  as  the  flowering  glume.  The  type  specimen,  however,  shows  only  a 
very  minute  palet. 
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A.  ro$m  Vasey,  Contr.  U.  S.  Natl.  Herb.  8:  76.  1802.  "  Collected  In  the  Yel- 
lowKtone  Park,  VVyo.,  by  MIsb  Edith  A.  Robs."  There  are  but  two  sheets  of  this 
(tbe  type  specimen)  in  the  National  Herbariam,  collected  July*  1S9(),  but  I  do 
not  see  that  the  plants  differ  essentially  from  .4..  variuns  Trin.     (PI.  XXIV, 

flg.  1.) 

ITie  type  .4.  roHHW  differs  from  the  type  of  A.  variana  In  having  more  scabrous 
pmiiole  branches  and  wider  scabrous  leaves.  More  material,  may  show  that 
tbesb  forms  may  be  kept  separate.  There  is  considerable  variation  in  what  I 
bave  referred  to  ^4.  varianSy  in  the  width  of  the  leaves  and  the  roughness  of  the 
piinlcle.  Furthermore  it  is  difllcult  to  separate  A.  varians  from  A.  exarata. 
Botb  these  species  are  found  commonly  In  the  Yellowstone  Park,  from  which 
conies  the  only  specimen  we  have  seen  of  .4.  iohmw.  For  these  reasons  I  have 
united  A.  variana  and  A.  rossw,  taking  up  the  latter  name  because  the  former 
is  untenable. 

A.  variabilis  Rydb.,  Mem.  N.  Y.  Bot  Gard.  1:  32.  1900.  Gives  a  new  name 
to  ^.  varians  Trln. 

Calms  low  but  comparatively  stout,  10-20  cm.  high  or  rarely  more,  usually 
dens>ely  tufted  from  a  perennial  root,  but  without  rhlssomes.  Blades  short,  1  or 
2  on  the  culm,  and  numerous  at  the  base,  2-5  cm.  long  or  sometimes  more,  1-2 
mm.  wide,  flat  or  conduplicate ;  sheaths  rather  conspicuous,  esiiecially  the  basal. 
Panicle  contracted,  3-6  cm.  long,  about  5  mm.  wide,  branches  appressed,  the 
lower  sometimes  2-2.5  cm.  long,  but  usually  short.  Spikelets  green  or  purple. 
2  mm.  long;  empty  glumes  nearly  equal,  acute,  scabrous  on  keel  and  somewhat 
on  back ;  flowering  glume  1.5  mm.  long,  awnless,  a  few  short  hairs  at  base;  palet 
very  minute.     (PI.  XXIV,  flg.  2.) 

Distribution:  Washington  to  California  and  Wyoming  at  high  altitudes. 

Washington:  Mount  Kainier,  Piper  1978.  1980,  2559;  Olympic  Mountains, 
Elmer  1948;  Mount  Adams,  finkadorf  14,  139;  S(kamania  ('ounty,  Sukftdorf 
1020:  Okanogan  County,  Elmer  730;  Nason  Creek,  Sandberg  and  Leiberg  05(». 
Oregon  :  Stein's  Mountains,  Oriffitfui  and  Morris  562,  595,  015 ;  Ashland  Butte. 
HourelL  224;  Eagle  Creek  Mountains.  Cusick  1073;  Wallowa  Lake,  Shear  17f»0. 
Catjfobnia:  Soda  Springs,  Jones  32.3;  Summit  valley.  Pringle  in  1882;  San 
Bernardino  Mountains,  Parish  3302;  (without  locality),  Bolander  5070.  Idaho: 
Bear  Creek,  Leiberg  2958.  Utah:  Uabbit  valley.  Ward  741.  Wvominq:  Ten 
Sleep  Lakes,  Williams  2952^,  29G4,  2967;  Yellowstone  Park.  Tweedy  605; 
Battle  Creek  Mountain,  Xelaon  4070. 

This  may  be  only  an  alpine  variety  of  A.  exarata  into  which  It  seems  to  pass. 
Tlie  panicle,  however,  does  not  alw^ays  have  the  numerous  short  branches 
spikelet-bearing  at  the  base,  although  It  Is  quite  narrow.  The  outer  glumes  are 
not  scabrous  on  the  back  as  is  usually  the  case  with  A.  exarata,  nor  Is  it  so 
conspicuously  hispidulous  on  the  keel.  Transitions  to  A.  exarata  are  shown  bj^ 
such  forms  as  the  specimens  from  Stein's  Mountains.  Oregon,  collected  by  Grif- 
fittis  and  Morris. 

=  =  Panicle  open,  sometimes  diffusely  spreading. 
a.  Awn  of  flowering  glume  attaehed  near  the  base. 

18.  A.  howellii  Scribn. 

A.  tMioeim  Scribn.,  Contr.,  U.  S.  Natl.  Herb.  3:  7(J.  18J)2.  "Near  Hood 
River,  Oregon  (No.  198,  Howell)."  The  tyi)e  specimen  is  in  the  National  Her- 
barium, collected  August  5,  1886      (PI.  XXV.) 

Culms  erect  or  decumbent  at  base,  40-4»0  cm.  high.     Blades  lax,  very  long, 

3-5  mm.  wide,  as  much  as  30  cm.  long.     Panicle  loose  and  spreading,  scabrous, 

I      10-30  cm.   long.     Splkelets  pale,  clustered  toward  the  ends  of  the  branches. 


42  NORTH   AMERICAN   SPECIES   OP   AGROSTIS. 

Empty  glumes  equal,  acuminate,  rather  narrow  and  firm  in  texture,  somewtULt 
scabrous  on  keel,  3  mm.  long ;  flowering  glume  2.5  mm.  long,  acute,  awned ;  a^^n 
attached  to  back  near  base,  exserted,  bent,  about  6  mm.  long ;  pa  let  none. 

Distribution  :  Oregon,  Howell  198 ;   Bridal  Veil,  8uk8dorf  134. 

The  Suksdorf  specimens  have  a  more  compact  panicle,  resembling  A,  foU 
but  agree  In  having  the  awn  inserted  near  base  of  glume.    This  species  Is  j 
sufficiently  known. 

aa.  Awfiy  if  present,  attached  at  or  above  the  middle  of  the  glume. 

b.  Panicle  very  diffuse;  branches  capillary,  very  scabrous,  the  primary  branchinff 
abave  the  middle;  spikelets  clustered  toward  the  ends  of  the  smalU'^r 
branches.   In  arctic  and  alpine  forms  the  characters  are  less  plainly  shxnon., 

19.  A.  hiemalis  (Walt.)  B.  S.  P. 

Comucopke  hyemalis  Walt,  Fl,  Car.  73.  1788.  "Culmo  erecto  panicola 
diffusa  verticillata,  follls  angustts  suberectlbus/'  The  description  scarcely 
suffices  to  identify  the  species,  but  Michaux  (Flora  1:  41,  1863)  states  that  this 
is  the  same  as  his  Trichodium  laxiflorum.  Furthermore,  Walter  describes  two 
other  species,  C.  perennans  and  C.  altissima,  so  that  there  is  little  doubt 
that  C.  hiemalis  is  the  common  A.  scabra  Willd.  The  plant  is  not  represented  in 
Walter's  herbarium  and  consequently  there  is  probably  no  type  specimen  in 
existence 

A,  scabra  Willd.,  Sp.  PI.  1:  370.  1798.  "Habitat  in  Amerlca-boreall."  The 
type  specimen  is  in  the  herbarium  of  the  Botanical  Garden  of  Berlin.  There 
are  three  panicles  representing  the  ordinary  form. 

Trichodium  laxiflorum  MIchx.,  Fl.  1:  42.  1803.  "Hab.  in  humidis  et  pra- 
tenslbus  a  slnu  Hudsonis  ad  Florldam."  There  Is  a  good  plate  of  this.  Cornu- 
copia; hiemalis  Walt.  Is  cited  as  a  synonym.  The  type  specimen  is  in  the 
Michnux  herbarium  of  the  Museum  of  Natural  History  at  Paris.  There  are 
the  upiier  i>ortions  of  several  plants  of  the  usual  eastern  form.     (PI.  XXVII,  3.) 

A.  laxiflora  Poiret,  Encycl.  Suppl.  1:  255.  1810.  "Cette  plante  crolt  dans  la 
Caroline,  oft  elle  a  H6  recuill^  par  M.  Bosc."  I  found  the  type  of  this  in  M. 
Cosson's  herbarium,  Paris. 

Trichodium  scabrum  Mnhl.,  Cat  PI.  10.  1813.  "  Pens.  fl.  Jun".  Cher."  There 
is  a  mixture  of  si)e<»imens  In  Muhlenberg's  herbarium,  but  since  he  gives  as 
synonym  A.  scabra  Willd.  his  name  must  go  here,  though  the  description  in  his 
Descriptio  Graminum  seems  to  apply  to  A.  perennans. 

A,  laxa  Schreber  "Gram."  Is  given  as  a  synonym  of  Trichodium  laxi- 
florum  by  Pursh  Flora  1:  HI,  1814,  and  hence  must  apply  to  this  species  regartl- 
less  of  the  plants  so  labeled  in  the  Berlin  Herbarium. 

A.  sericea  Ell.,  Sk.  1 :  135.  1810.  The  description  applies  to  a  Muhlenbergia 
(M.  capillariH  Kunth),  but  Mr.  E.  D.  Merrill  states  that  the  sr)eclmen  In  Elliott's 
herbarium  Is  A,  hiemalis  (U.  S.  Dept.  Agr.,  Div.  Agros.,  Clrc.  29,  1901).  In 
such  cases  the  specimen  should  not  he  taken  as  the  tyi>e. 

A.  laxiflora  Richardson,  Franklin  Voy.  731  (App.  3).  1823.  Transfers 
Trichodium  laxiflorum  MIchx.  Richardson's  specimen  Is  In  the  herbarium  of 
the  British  Museum,  labeled  **  Lake  Wlnlpeg  and  Superior." 

A.  michauxii  Trin.  Unlfl.  206.  1824.  var.  (see  under  A.  pere^inans).  "Pani- 
cula  brevlorl,  radlis  brevioribus  hispldulis."  Under  this  are  given  two'  sub- 
varletles,  both  of  which  are  probably  A.  hiemalis.  "nrPanlcula  patente,  follls 
llnearlbus,"  base<l  on  Trichodium  laxiflorum  MIchx.  "/JPanlcula  contractlus- 
cula,  follls  latiorlbus:  Agrostis  (Trlchod.)  clavata  Tr.  In  Spreng.  n.  Entd.  II, 
p.  55.  V.  spp.  Camtsch."  This  last  form  was  made  a  si^ecies  later,  Trichodium 
clavatum  Sehult.,  Mant.  8 :550,  1827.  In  the  Trlnlus  herbarium  there  Is  a  speci- 
men of  this  collected  by  Kostalsky  in  1829,  marketi  "A  michauxii  m.  b.  A.  cla- 
vata Trln.  ap.  Spreng.  N.  Entd.  II."  A  portion  of  this  Is  deiwslted  In  the 
National  Herbarium.     (PI.  XXVII,  2.) 

A.  ahakanensis  Lessing  Is  mentioned  as  a  synonym  under  A.  michauxii  by 
Trlnlus,  Mem.  Acad.  St.  Petersb.  Ser.  VI,  6«:  325.     1841. 

Trichodium  laxum  Sehult.,  Mant.  2:  157.  1824.  Based  on  Muhlenberg's 
Trichodium  laxiflorum,  which  name  Schultes  changes  lM?cause  of  T.  laxiflorum 
Miehx.,  which  he  considers  different.  He  also  wishes  to  take  up  the  si)ecific  name 
laxa  {Agrostis  laxa  Schreb.).    The  culm  is  desorU)ed  as  erect  and  the  "habitat 
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in  arirls  siccis,  floret  Maio/'  An  examination  of  Muhlcnl)erg*8  herbarium  shows 
the  following  as  to  the  species  of  Trichodium  described  by  him  in  his  Descriptio 
Cberior  Graminum: 

1.  TrUrhodium  laxiflorum=A.  hiemalis, 

2.  Trichodium  d€Cumben8=A,  perennanH,  the  weak  form. 

3.  Trichodium  8cabrum=A.  hiemalis  (as  to  name).    In  the  herbarium  there  is 
a  mixture  of  several  grasses,  one  of  which  is  A.  hiemalis. 

4.  Trichodium  (no  specific  name).     I  liave  lH?en  unable  to  determine  from  his 
berlM&riiim  what  grass  was  referred  to,  but  it  is  probably  the  stout  form  of  A, 


A.  rn^bra  tenuin  Tuckerm.,  Amer.  Jour.  8ci.  45:  45.  1843.  "  Vaginis  scabris 
panicnla  tenui  raniis  ercctis.*'  **A  small  delicate  form  with  a  very  slender 
panicle.    Rocks  of  the  Flume,  liincoln,  N.  II." 

A.  lajinora  ca-ftpitoHa,  Torr.  Fl..  N.  Y.,  2:  442.     1843. 

A.  s<Mbrimcula  Buckl.,  Proc.  Acad.  Nat.  Sci.  Phila.  1862:  90.  1863.  The 
tyjio  s|>ecimen  is  in  the  herbarium  of  the  Philadelphia  Academy  of  Natural 
Sciences.  Doctor  Gray  in  his  remarks  upon  Buckley's  plants  (I.  c,  334)  states 
that  tbis  was  **  ticketed  by  Nuttall  AgroHtis  scabrata." 

A^  hiemalis  B.  S.  P.,  Prel.  Cat  N.  Y.  68.  1888.  Gives  new  combination  with 
pefereoce  to  synonym  A,  8cabra  Willd. 

Culms  slender,  tufted  or  scattered,  20-80  cm.  high.  Blades  narrow  and 
osunlly  short,  sometimes  2-3  mm.  wide,  but  often  very  narrow,  almost  setaceous ; 
sheaths  striate,  the  upi)er  usually  somewhat  inflated  and  Inclosing  the  base  of 
the  panicle ;  panicle  large  and  Very  diffuse,  in  the  larger  forms  rKMK)  cm.  long, 
the  branches  long  and  capillary,  vei'y  scabrous.  Spikelets  crowded  toward  the 
tiiw  of  the  branchlets,  pale  or  usually  purple;  eSipty  glumes  nearly  etpial  or 
the  lower  slightly  longer,  1.5-2  mm.  long,  acute  or  acuminate,  scabrous  on 
keelH,  especially  the  lower;  flowering  glume  obtuse  two-thirds  to  three- ftmrths 
as  long  as  empty  glumes,  usually  awniess;  palet,  none  or  minute.     (PI.  XXVI, 

flg.^.) 

In  typical  forms  the  panicle  is  in  flower  and  wide  spreading  at  the  ut>per  part, 
while  the  base  is  still  inclosed  in  the  upper  sheath,  tiie  branches  of  the  lower 
(-xsorted  i)ortion  being  numerous  and  appressed-ascending ;  later  the  entire 
I«anicle  is  exserted  and  the  branches  wide  spreading;  at  maturity  the  panicle 
breaks  away  from  the  plant  and  rolls  before  the  wind.     (PI.  XXVI,  fig.  1.) 

Distribution  :  Throughout  North  America  from  the  arctic  regions  southward 
into  Mexico. 

In  the  mountains  of  New  England  Is  a  form  which  has  awned  spikelets.  I 
have  examined  this  fonn  in  the  White  Mountains  of  New  Hampshire  and  am 
unable  to  se^iarate  it  as  a  si)ecies.  At  higher  altitudes  there  is  a  tendency  to 
form  tufts  with  numerous  slender  radical  leaves,  but  these  characters  are  not  at 
all  constant  The  awn  when  present  varies  in  length  and  springs  from  the 
back  of  the  flowering  glume.     (Pi.  XXVI I,  5.)     This  form  has  been  name<l— 

Trichodium  montanum  Torr.,  Comp.'SO.  1826.  "  Mountains."  Torrey's  speci- 
men l8  in  the  Torrey  herbarium  at  the  New  York  Botanical  Garden.  It  has  the 
tuft  of  setaceous  leaves  at  base,  but  the  flowering  glume  is  awniess.  TyiH*  spoci- 
nien  collected  on  "  summit  of  the  New  Beacon  Fishkill." 

A.  orcophila  Trln.,  Mem.  Acad.  St.  Petersb.,  Ser.  VI.  6*:  323.  1841.  (Agros- 
tidea  11:77.)  "Bethlehem  Pensylvania*  (Moser)."  Trinius  gives  as  synonym 
Trichodium  montanum  Torr.  This  dIsiK)sItIon  Is  also  made  by  Doctor  Gray 
(Manual,  Ed.  1).  The  species  In  the  I'rinius  herbarium  is,  however,  a  small 
erect  form  of  A.  perennanft  Tuckerm.  Trinius's  description  agrees  with  this 
specimen.  Hence  A.  oreophila  Trln.  should  be  considered  as  a  synonym  of  A. 
perennans  Tuckerm.,  and  the  citation  of  Trichodium  montanum  Torr.  was  an 
error,  arising  from  the  fact  that  the  si)eclinen  was  sent  to  him  under  the  last- 
mentioned  name.  Trinius  probably  intended  to  cliange  the  name  on  acc»ount  of 
H  previous  A.  montanum. 

A.  laxiflora  montana  Tuckerm.,  Am.  Jour.  Sci.  45:43.  April  to  June,  1843. 
Not  A.  montana  Knx-k.,  Fl.  Siles.  1:  110,  1787,  nor  U.  Br.  1:  171,  1810.  Tucker- 
man's  specimen  is  in  the  Gray  herbarium. 


44  NORTH   AMERICAN   SPECIES   OF   AGROSTIS. 

A.  torreyi  Tuckerni.,  Hovey's  Mag.  Hort.  9:143.  April,  1843.  Not  A.  torreyi 
Kunth,  Bnum.  1:  22(5, 1833,  which  is  a  MvhlenbergUi. 

Ottier  specimens  occur,  mostly  from  the  Eastern  States,  in  which  the  flovrering 
glume  is  awned,  hut  in  which  this  is  not  co-ordinated  with  other  characters  by 
which  the  specimens  may  be  referred  to  any  particular  form  or  subspecies.  Cer- 
tain plants  from  Labrador  (VVaghorne  37  and  Allen  23)  resemble  Tuekeriiiaii*s 
A.  torreyi. 

A  robust  leafy  form  occurs  especially  in  the  Western  Stiites,  from  Washlnston 
to  Arizona  Territory.    This  passes  into  the  following  subspecies : 

A.  hiemaliB  subrepens  snbsp.  nov. 

Culms  erect,  tall  and  robust,  about  1  ni.  high,  provided  with  rhizomes.  Pani- 
cles with  relatively  shorter  branches.  Spikelets  2.5  mm.  long ;  flowering  glume 
1.6  mm.  long;  palet  minute  (.2  mm.  long). 

Type  specimen  in  National  Herbarium  collected  by  C.  G.  Pringle  in  wet  places, 
pine  plains,  base  of  Sierra  Madre  Mountains,  State  of  Chihuahua,  Mexico,  Sep- 
tember 28,  1887  (No.  1420). 

I  have  referred  the  following  to  this,  although  the  specimens  do  not  in  all 
cases  show  rhizomes  or  decumbent  rooting  bases  on  account  of  scanty  material. 

New  Mexico  :  Near  Cioverdale,  Mearns  490.  Nevada  :  Ruby  Valley,  Watson 
1282.  xVrizois'a:  Santa  Catallna  Mountains,  Tourney  5  in  1894;  Pringle  in  1881  ; 
Rincon  Mountains,  yealley  175;  Tucson,  Tourney  in  1802.  Mexico:  Chihuahua, 
Townsend  and  Baker  270.     Venezuela:   FendJer  2541. 

A.  hiemaliB  geminata  (Trin.)  comb.  nov. 

A.  geminata  Trin.,  (Jram.  l^nifl.  207.  1824.  "V.  spp.  ex  Unalaschka,  unde 
retulit  cl.  Dr.  Eschholz."  The  typ<'  s|)ecimen  of  this  is  in  the  Trinius  herbarium. 
A  portion  Is  deposited  in  the  National  Herbarium.  The  plate  in  Trinius's  Spec. 
Gram.  1:  28  is  characteristic. 

In  the  tyi>e  specimen  the  culm  is  20  cm.  high,  panicle  loose  but  not  diffuse,  5 
cm.  long,  divaricately  branching,  flowering  glume  provided  with  a  scarcely 
exserted  straight  awn.  In  all  other  particulars  it  agrees  with  A.  hiemalis,  (PI. 
XXVIII,  fig  1.) 

Unalaska,  Eschholz  (type).  Si>eclmen8  from  Juneau.  Brewer  and  Coe  574, 
and  Piper  4022  at  Kadiak  and  4028  at  Sitka,  nearly  match  this,  but  all  the  other 
specimens  have  a  large  and  mor^  diffuse  panicle,  thus  approaching  A,  hiemalis. 
Those  from  Alaska  are:  Juneau,  Cole  in  1899,  TrcJease  and  Saunders  290O; 
CoviUe  and  Kearney  2401,  2509.  A  siKJcimen  from  Chilliwack  valley,  British 
Columbia  {Maeoun  20036),  and  another  from  Pagosa  Pass,  Ck)lorado  {Baker  37), 
iiave  the  awn,  but  a  more  diffuse  panicle. 

Closely  agreeing  with  A.  geminata,  but  flowering  glume  awnless,  is  a  specimen 
collected  at  Ratz  Harbor,  Prince  of  Wales  Island,  No.  2014,  J.  B.  Flett,  July  31, 
11K)1,  "growing  in  moss  on  old  logs  projecting  into  a   lake."     (Pi.   XXVIII. 

fig.  2.) 

The  following  Hi)e(*iniens  may  be  placed  here,  although  they  are  connected  with 
A.  hiemalis  by  a  series  of  intergrades : 

British  Columbia:  Rogers  Pass,  Maeoun  2  in  181X);  Chilliwack  valley, 
Maeoun  20041.  Washington:  Mount  Rainier,  Allen  in  1894.  Montana: 
Little  Beit  Mountains,  Rydberg  3390;  Crazy  Mountains,  Rydberg  3444. 
Wyoming:  Yellowstone  Park,  Merrill  141.  142,  Tweedy  007,  Ross  in  1890; 
Williams  2t)38.  California:  Lassens  Peak,  Jones  in  1897;  Kern  River,  Roth- 
rock  323.  Colorado  :  Pagosa  Peak,  Baker  40  c ;  Buffalo  Pass,  Shear  and  Bessey 
1453. 
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A  form  of  A.  hiemalia  occurring  from  Alaska  to  Newfoundland  has  been 
leseribed  as: 

Trichodium  album  Presl,  Rel.  Haenk.  1  :  244.  1830.  "  Ilab.  In  sinu  Nut- 
[aenBis.'*  The  type  Bpecimen  is  in  the  Presl  herbarium  at  Prague-  There  are 
hree  plants  mounted  on  the  sheet;  one  is  the  ordinary  form  of  .4.  hiemalia; 
I  second  is  A.  exarata;  while  the  third  is  a  taller  form  of  A.  hiemalis  with  the 
tranches  of  the  panicle  appressed  and  the  culm  decumbent  at  base.  This  is  the 
ame  as  has  been  distributed  to  other  herbaria  under  the  name  of  Trichodium 
tlbum  and  is  the  specimen  that  I  take  as  the  type.     (PI-  XXVIT,  flg.  1.) 

A.  tiutkacfWM  Knnth,  Knum.  1:222.  1833.  **  Sinus  nutkaensis.''  Based  on 
rrich€>dium  album  Presl.  The  spelling  was  changed  by  Trinius  (Mem.  Acad. 
St.  Petersb.,  Ser.  VI,  6* :  326.  1841.     Agrostidea  II :  80)  to  A.  nootkaensiif. 

The  following  si)ecimens  can  be  referred  to  this  form  fairly  well : 
Alaska  :     Unalaska.  Piper  4025 ;    Kadiak  Island,  Trelease,  2901,  2902,  2904 ; 
Eranti,  4rv4,  Piper,  4624;    Yes  Bay,  Hotcell,  1711;    Popof  Islands,  Saundcrn  in 
1899,  Kincaid  in  1899;  Fort  Sampson,  Kellogg,  laS;  Kenai,  Xielson,  51.     New- 
TOUifDLAND:  Waghortte,  11,  12.     IiABBadob:  Waghorne,  23,  36. 

In  the  National  Herbarium  are  several  dwarf  siMHimeus  from  Newfoundland, 
Labrador,  and  Alpine  regions  of  the  western  mountains  whicii  apiiear  to  be 
4,  hiemalis,  but  can  not  be  definitely  referred  to  any  form  above  mentioned;  for 
sample,  Waghorne  25,  Newfoundland.     (PI.  XXVII,  fig.  4.) 

bb.  Panicle  open,  but  not  conspicuously  diffuse;  branches  more  or  less  capillary. 

c.  Flowering  glume  awnless. 

20.  A.  idahoenais  Nash. 

A.  tenuis  Vasey,  Bui.  Torr.  Bot.  Club,  10:  21.  1883.  Not  A.  tenuis  Sibth., 
1794-  "  Collected  on  the  San  Bernardino  Mountains,  California,  by  the  Parish 
brothers,*'  The  type  specimen  (No.  1085)  is  in  the  National  Herbarium.  (PI. 
XXIX,  fig.  2.) 

A.  idahoensis  Nash,  Bui.  Torr.  Bot.  Club, 24:  42.  1897.  "Collected  by  A.  A. 
and  E.  Gertrude  Heller,  at  Forest,  Nez  Perces  County.  Idaho."  The  type  sjieci- 
men  is  the  one  from  which  Mr.  Na^h  drew  up  the  deM(Ti[)tion,  and  is  probably  at 
the  New  York  Botanical  Garden.  Duplicate  types  are  in  the  National  Herbarium 
and  in  several  other  herbaria.  Tlie  one  in  the  National  Herbarium  was  col- 
lected July  16,  1896,  at  an  altitude  of  3,500  feet  (No.  3431).  This  is  alnrnt  inter- 
mediate between  A.  tenuis  Vasey  and  the  subspecies  recta.     (PI.  XXIX.  fig.  1.) 

A.  tenuiculmis  Nash,  Mem.  N.  Y.  Bot  Gard.  I:  32.  1900.  Those  who  give 
the  legal  aspect  prominence  may  insist  that  there  is  not  sufficient  evidence  for 
citing  Nash  as  the  author  of  A.  tenuiculmis,  but  it  is  evident  that  he  intended  to 
change  the  name.  It  is  based  upon  the  following,  in  Rydberg's  Flora  of  Mon- 
tana (Mem.  N.  Y.  Bot.  Garden  1:32)  :  *'Agrostis  tenuiculmiM  recta  Nnsh;  Agros- 
tis  tenuis  erecta  Vasey,  mss:  not  A.  erect  a  Spreng.  Agrostis  tenuis  Vasey,  Bui. 
Torr.  Bot.  Club,  10:  21  is  antedated  by  A.  tenuis  Sibth.  1794,  consequently  both 
the  si>eciflc  and  varietal  name  must  he  changed.  It  is  a  small  plant  with  a 
small  panicle  and  erect  or  ascending  rays  and  no  pa  let." 

Furthermore,  A.  tenuis  erecta  Vasey  is  a  manus<Tipt  name  and  hence  ,1.  tcnui- 
cuimis  recta  Nash  rests  ui)on  the  brief  description  cite<l  above.  But,  compared 
with  the  species  A.  tenuiculmis,  the  variety  is  a  taller  plant  with  upright  stem 
and  longer  panicle. 

A.  tenuiculmis  recta  Nash,  Mem.  N.  Y.  Bot.  Gard.  1 :  32.  19(K).  Several  locali- 
ties are  given  In  Montana  and  Yellowstone  Park.  Of  the  two  spec'imens  in  the 
National  Herbarium,  probably  named  by  I>octor  Vasey  A.  tennis  erecta,  one  is 
from  Washington  State,  collected  by  Suksdorf,  1883.  The  other  from  Oregon, 
Cusick,  No.  1070,  has  a  palet,  and,  though  it  looks  similar  to  this,  should  be 
referred  to  A.  humilis.  I  have  therefore  taken  as  the  type  of  .1.  tenuiculniis 
recta  Nash  the  Suksdorf  specimen,  which  Is  numbered  48.  This  Is  a  larger  form, 
which  differs  in  its  taller  culms,  broader  leaves,  and  often  larger  spikelets,  but 
seems  scarcely  worth  recognizing  as  a  subspecies. 

C^lms  slender,  tufted  from  a  perennial  root,  erect  or  geniculate  at  base,  10-30 
cm.  high.  Blades  narrow,  one  or  two  on  the  culm  (1-6  cm.  long),  but  mostly 
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basal,  when  tbey  may  be  as  much  as  10  cm.  long  in  the  taller  forms.  Panicles 
loosely  spreading,  5-10  cm.  long,  branches  capillary,  minutely  scabrous.  Spike- 
lets  about  1.5  mm.  long,  pale  or  purplish ;  lower  glume  slightly  longer  and  more 
acute  than  the  upi)er,  scabrous  on  keel ;  flowering  glume  1  mm.  long,  truncate, 
awnless ;  palet  minute,  not  more  than  .2  mm.  long. 
.    DiSTBiBUTiON  :  Washington  to  Colorado  and  California. 

California:  Placer  County,  Carpenter  In  1892;  Fresno  County,  Hall  and 
Chandler  603 ;  Palmer  238  In  1888 ;  Merced  River,  Torrey  567  In  1865 ;  Mari- 
posa County,  Congdon  in  1808 ;  Lincoln  Valley,  Kennedy  and  Dotcn  195 ;  Bear 
River,  Hansen  2079 ;  San  Jacinto  Mountains,  Hall  784,  2363.  Wyoming  :  Yel- 
lowstone Park,  liydbcrg  and  Bessey  3571,  Nelson  6080,  Merrill  148,  148*,  Rose 
699,  Tweedy  33,  60(J.    Montana  :  Knowlton  in  1887. 

The  follow^ing  are  more  robust  and  have  been  referred  by  some  authors  to 
A.  tenuieulmis  reeta  Nash : 

Washington:  Suksdorf  4H.  Oregon:  Umatilla,  »S7icar  1661,  16(>4i.  Idabo: 
St  Marys  River,  Leiherg  1130.  Montana:  Belt  Pass,  Rydherg  3327^.  Wyo- 
ming :  Yellowstone  Park,  Merrill  130,  143,  147,  Rydherg  and  Bessey  3572.  Colo- 
rado :  Pagosa  Peak,  Baker  150.  This  last  specimen  Is  yet  more  robust  and  there 
is  a  short  straight  awn  on  the  flowering  glume. 

21.  A.  oregonexuoB  Vasey. 

A,  oregonensis  Vas^j,  Bui.  Torr.  Bot  Club  13: 55.  April,  1886.  "Root  fibrous 
(annual?)  ;  culms  alH)ut  2  feet  high,  somewhat  slender,  radical  leaves  filiform; 
culm  leaves  distant,  narrow,  soon  tarierlng  to  a  long,  slender  point,  3  to  4  inches 
long;  llgule  short;  panicle  4  to  5  inches  long,  nodding  and  flexuous,  oi)en  but 
not  spreading ;  branches  capillary,  unequal,  mostly  in  fives  below,  above  In  twos 
or  threes,  the  longer  about  2  inches  long,  all  naked  below,  and  rather  numerously 
flowered  above;  pedicles  slender,  as  long  as,  to  two  or  three  times  as  lonj?  ar;, 
the  splkelets.  which  are  about  li  lines  long,  narrowly  lanceolate,  and  gradually 
tapering  to  the  acute  point,  slightly  scabrous  on  the  keel,  rather  thin  and  purple; 
flowering  glume  a  little  shorter  than  tlie  empty  ones,  narrowly  lanceolate,  five- 
nerved,  apex  rather  obtuse ;  palet  wanting.  The  panicle  has  a  rich  purple  color, 
and  it  approaches  the  .1.  seahrOy  but  is  shorter,  and  with  much  shorter  and  erect 
branches  and  a  firmer  culm.  Collected  in  Oregon  by  Mr.  Howell."  Type  siieci- 
men  in  the  National  Herbarium,  Ilow^ell  49.  Panicle  purple.  Palet  present  as 
a  very  small  scale  .2-.4  mm.  long.     (PI.  XIV,  fig.  2.) 

Distribution:  Washington:  Mareh,  Kittitas  County,  Henderson  2123;  wet 
meadows,  Skamania  County,  July  25,  188i>,  i^uksdorf  198,  907;  Copalis,  Che- 
halls  County,  Conard  47;  Clallam  County,  Lawrence  318.  Oregon:  Hotcell 
3,  49.  I  have  also  referred  here  Tweedy 's  36  from  Teton  Forest  Reserve,  Wyo- 
ming. We  have  not  sufticient  material  of  this  siiecles  and  It  may  be  that  It 
Is  only  a  form  of  some  other  siJccles.  It  diff'ers  from  .4.  longiligula  in  the  shorter 
llgule  and  the  absence  of  the  awn.  It  seems  to  be  too  robust  for  A.  idahoensis, 
and  I  find  no  indication  of  rootstocks  except  In  Henderson's  No.  2123,  which 
shows  at  least  a  rooting  decumbent  stem.  The  absence  of  rootstocks  separates 
It  from  A.  pallens  foliosa. 

There  Is  an  A.  oregonensis  Nutt,  but  this  name  has  no  valid  standing.  Doc- 
tor (Jray,  in  his  review  of  Buckley's  new  species  says  (Proc.  Acad.  Nat.  Scl. 
Phlla.  1862:  334,  1863)  :  **Agrostis  albicans  Is  founded  on  a  slender  form  of  A. 
exarata  Trln.,  named  l)y  Nuttall  A.  oregonensis'' 

To  A.  oregonensis  I  have  also  referreil : 

A.  attenuata  Vasey,  Bot.  Gaz.  2:337.  Deceml)er,  1880.  "Culms  slender, 
smooth,  erect,  attenuated,  2  to  3  feet  long ;  radical  leaves  narrowly  linear,  2  to  4 
inches  long ;  culm  leaves  3,  distant,  sheaths  shorter  tlian  the  internodes,  smooth ; 
llgule  membranaceous,  conspicuous,  2  to  3  lines  long;  blade  2  to  3  inches  long, 
narrow,  acuminate;  panicle  3  to  4  inches  long,  pyramidal,  lower  branches  In 
threes  or  fives,  somewhat  unequal,  1  to  2  Inches  long,  capillary,  few-flowered, 
pedicels  mostly  longer  than  the  splkelets,   which  are  al)out   1}   lines  long; 
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^mpty  glumes  equal,  oblong-lanceolnte,  acute,  scabrous  on  the  keel ;  flowering 
dume  nearly  as  long ;  palet  wanting.  Found  by  Mr.  Thomas  Howell  near  Mount 
Hood.  Oregon.  It  belongs  to  the  scabra  group,  but  is  well  dfstinguished  as  a 
species." 

The  type  specimen  is  in  the  National  Herbarium  and  was  collected  in  the 
swamps,  south  side  of  Mount  Hood  (No.  210)  by  Thomas  Howell,  Octol>er  1, 188(>. 
(PL  XIII,  flg.  2.)  This  has  a  slightly  different  aspect  from  A.  oregonensis, hut 
I  am  unable  to  find  essential  characters  uix)n  which  to  malce  a  separation.  The 
panicle  is  stramineous,  probably  due  to  age.  The  most  noteworthy  character  is 
that  the  spikelets  dlsiirticulate  l)elow  the  glumes,  but  the  specimen  is  past 
maturity.  In  the  National  Herbarium  there  is  but  one  other  specimen  agreeing 
with  this,  Ck)yille  and  Applegate  753,  Salmon  Prairie,  Clackamas  County,  Oieg., 
September  3,  1897. 

22.  A.  BcMedeaaa  Trin. 

A.  schiedeana  Trin.,  Mem.  Acad.  St.  Petersb. ;  Ser.  VI,  6*:  327.  1841. 
(Agrostidea  11:81.)  **  Mexlct),  (Schrader)."  The  type  specimen  of  this  is 
probably  in  the  Trinius  herbarium,  but  I  neglected  to  search  for  it. 

A.  hallii  californica  Vasey.  Contr.  U.  S.  Natl.  Herb.  3:  74.  1892.  This  is 
baned  upon  A.  data  of  the  Botany  of  California  (Watson,  Bot.  Calif.  2:  274. 
1880.)  The  tyr»e  specimen  is.  therefore.  Bolander's  6103,  which  is  in  the  National 
HerlMirium.  (PI.  X,  flg.  1.)  Torrey's  plant  from  Lake  Washoe,  Nevada,  may 
be  the  same,  but  our  specimen  shows  only  the  upper  part. 

Culms  tall,  60-100  cm.,  erect  or  slightly  decumbent  at  base.  Blades  rather 
narrow,  2-3  mm.  wide,  upright  10-15  cm.  long.  Panicle  oblong,  10-30  cm.  long, 
open,  the  branches  in  verticils,  rather  stiff  and  ascending,  the  lower  whorls  often 
numerous,  the  longer  5-10  cm.  long  and  branching  above  the  middle.  Spikelets 
2.5-3  mm.  long;  flowering  glume  1.5-1.8  long;  palet  smalt,  .2-.6  mm.  long. 
(PI.  XXX.) 

DiSTBiBUTioN :  British  Columbia  to  Mexico,  in  wet  meadows. 

British  Columbia:  Vancouver  Island,  Macoun  81.  Washington:  Falcon 
Valley,  Ruksdorf  50,  189,  189a,  906;  Lewis  River,  Henderson  2131.  Obeoon: 
White  Horse  Ranch,  Orifjtths  and  Morris  466.  Nevada  :  Quinn  River  Crossing, 
Griffiths  and  Morris  14  (grown  in  Grass  Garden  at  Washington  from  seed). 
California:  Sierra  Nevada  Mountains,  Lemmun  in  1875;  Bear  Valley,  San  Ber- 
oardlno  Mountains,  Parish  brothers  1560.  Mexico:  State  of  Mexfco,  Pringle 
4485 ;  Durango,  Palmer  190.  A  specimen  from  Kadiak  Island,  Alaska  ( Gvorgv- 
9on  1  in  1898),  appears  to  be  this  species.  The  spikelets  are  3  mm.  long. 
Another  specimen  from  Bozeman,  Mont,  Rydherg  2218,  has  the  flowering  glume 
provided  with  an  exserted  l>ent  awn. 

This  species  has  gone  under  the  names  of  A.  hallii,  .1.  scabra,  and  .1.  data  on 
the  Pacific  coast.  I  may  be  wrong  in  referring  our  plants  to  A.  schiedratia,  as  I 
liave  not  seen  the  type,  but  the  plants  agrt»e  with  Trlniu-s's  description.  Prliiglo's 
and  Palmer's  si)eciniens  from  Mexico  have  a  palet  about  .(5  mm.  long.  Imt  it 
iH  a  nerveless  scale.  (PI.  XXX,  ^1.)  The  spikelets  vary  from  2.2  nun.  to 
2.7  mm.  or  even  3  mm.  in  the  Alaska  siieclmens.  The  si>ecimens  agree,  however, 
in  the  shape  of  the  panicle  and  the  absence  of  rhizomes. 

28.  A.  perennans  (Walt.)  Tuckerm. 

ComucopUB  pcrennan*  Walt,  Fl.  Car.  74.  1788.  "  Culm  is  subdecumbentibus ; 
follis  latioribus;  panlcula  longa  diffusa,  ramis  trichotomis  verticillatis.  Gra- 
men  undique  laeve,  saccharinum,  aestatem  eustinens,  In  hyeme  vigens,  radiclbus 
{PE'nicuHsque  se  cito  propagans.  Donum  inaestlmable,  conditore  ad  hanc  diem, 
Pwervatum,  hoc  aevum,  me  instrumento.  locupletatum.*' 

A,  comucopiw  Fraser,  Gentleman's  Magazine  59 ;  873.    1789.    "  Gathered  in 
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South  Carolina  by  Mr.  Thomas  Walter ;  even  500  miles  up  the  country,  FYsRer 
Sent  to  Linnspus  from  Canada  by  Professor  Kalm."  The  article  is  entitlec 
"  Eraser's  Carolina  grass."  A  plate  accompanies  the  description.  As  synonyn 
is  given  Cornucopiw  perennans  Walt,  It  is  interesting  to  note  that  tMs  wai 
sent  to  Linn£BUs  by  Mr.  Kalm,  but  I  have  not  been  able  to  find  a  reference  to  thh 
in  Linnceus's  works.  It  seems  strange  tliat  Liinueus  did  not  des<^ril)e  eitlier  thlj 
or  A.  hiemaliSy  both  of  which  are  common  in  tlie  Eastern  States. 

I  have  not  seen  the  type  si)eclmen  of  this,  and  there  probably  is  none  In  exist 
ence.  In  the  herbarium  of  Mr.  de  Candolle  at  Geneva  I  saw  a  spe<*iniei 
labeled  Afjrosiiit  cornucopiw  from  "  Carol,  merid.,"  sent  by  Fraser.  This  niaq 
be  taken  as  a  duplicate  tyi)e.  It  is  the  stout  leafy  form  with  rather  lar^e  an< 
heavy  panicle  and  a  decuml)ent  base.  There  is  a  similar  8f)ecimen  in  tbi 
herbarium  of  the  Philadelphia  Academy  of  Natural  Sciences.  Sinc*e  Fraser  was 
familiar  with  Walter's  plants  and  states  that  this  was  collected  in  South  Caro 
Una  by  Walter,  there  seems  to  be  no  doubt  that  this  is  the  same  as  Cornucopia 
perennans  of  Walter. 

A.  anofitahi  Willd.,  Sp.  Pi.  1:370.  1798.  "Habitat  in  America  boreall.* 
Based  on  Walter's  ComiicopUe  perennans. 

Alopecurus  carolinianuH  Spreng.,  Nach.  Bot  Gart.  Halle,  10,  1801.  A  speci- 
men of  this  is  in  the  Trinius  herbarium  lal)eled  "'Alopecurus  carolinianu4 
Spreng.  ab  ipso  missus  "  and  another  labeled  **  alluvial  banks  Kentucky  River, 
Robert  Peter,  M.  D.,  Lexington,  Ky."  (PI.  XXXI,  B.)  I  have  not  seen  the 
type  si)ecimen. 

Trichodium  decumhcns  Michx.,  Fl.  1  :  42.  18a3.  "  Hab.  a  Virgbiia  maritima 
ad  Florldam,  prwsertim  ad  ripas  amnium,  solo  limoso  hieme  inundato."  Tyi>e 
specimen  in  the  Michaux  herbarium  at  the  Museum  of  Natural  History  at 
Paris.  It  is  the  common  stout  form  and  the  label  states  that  it  is  Comucopi(r 
perennans  Walt.  The  sixjclmen  does  not  show  the  base,  but  the  description 
states  that  it  is  decumbent     (PI.  XXXII,  B,) 

Pursh's  si>ecimen  of  Trichodium  decumhcns  Michx.  in  the  Kew  Herbarium  /s 
the  small  lax  form. 

Trichodium  perennans  Ell.,  Sk.  1:  09.  1810.  "  Grows  in  damp,  shaded  places.*' 
Elliott  gives  as  synonym  Cornucopia'  perennans  Walt,  but  Mr.  E.  I).  Merrifl. 
who  has  examined  the  specimen  in  Elliott's  herbarium,  says  it  is  "  a  form  of  the 
grass  now  referred  to  Agrostis  altissima  (Walt)  Tuckerm."  (V.  S.  Dept.  Agr., 
Div.  Agroj?.,  Circ.  29,  1901.)  This  disiwsition  depends  ui>on  the  identity  of  the 
latter  plant  As  Elliott's  species  is  based  on  Cornucopiw  perennans  W^alt,  I 
should  refer  this  back  to  Walter's  plant  as  interpreted  l)y  Fraser. 

Trichodium  muhl^nhergianum  Schult,  Mant  2:  159.  1824.  Based  on  Muhl- 
enberg's Trichodium  No.  4,  which  is  probably  some  form  of  A.  perennans. 

A.  niichauxii  Trin.,  IJnlfl.  20G.  1824.  Under  this  Trinius  places  three  varie 
ties.  Var.  a  "  Panicula*  longje,  ampliorls,  radiis  elongatis,  hispidissimis." 
This  would  be  insufficient  to  identify  the  species,  but  he  gives  Trichodium 
decumhcns  Michx.  as  synonym. 

A,  novehoracensis  Spreng,,  Syst  1  :  260.  1825.  "  Sylvae  Nov.  Ebone  Torr." 
The  description  seems  to  apply  better  to  A.  perennans  than  to  A.  hiemalis.  I 
have  not  seen  the  type  si)ecin!on. 

A.  schirviniizH  Trin.,  Mem.  Acad.  St  Petersl)..  Ser.  VI,  6«:  311.  1841. 
(Agrostidea,  II:  (m.)  '"Trichodium  cUitufu  Pursh  (Schweinitz  in  hbio  Martii) 
Pennsylvan."  Tlu*  spcclnion  in  the  Trinius  horhariuni  (PI.  XXXI,  A)  Is  not  T. 
datum  of  Pursh,  but  a  lax  form  of  .t.  perennans.  However,  since  Trinius  cites 
Trichodium  datum  as  synonym  it  might  be  claimed  that  this  should  be  the  tyi)e 
rather  than  the  si>e(.*inien  In  his  herbarium.  It  is  to  be  noted,  however,  that 
Trinius  gives  Trichodium  datum  Pursh  as  a  synonym  of  his  Affrostis  data, 
describetl  on  page  71  of  the  same  work.  I  therefore  take  as  the  tyiie  of  A- 
schireinitzii  the  si)ecimen  in  the  Trinius  herbarium.  It  is  quite  probable  that 
Trinius  means  to  say  in  tlie  quotation  above  that  his  .4.  schireinitzii  is  tlie  plant 
collected  by  Schweinitz  and  labeled  (inwrrectly)  Trichodium  datum  Pursh. 
This  specimen  appears  to  be  the  small  form  of  this  species,  though  only  the 
upi)er  part  of  the  plant  is  present. 

A,  oreophila  Trin.,  1.  c.  323  (Agrostidea  II:  77).  Trinius  cites  Trichodium 
montanum  Torr.  as  a  synonym,  but  the  tyiH?  specimen  in  the  Trinius  lierbarlum 
is  a  rather  small  but  erect  form  of  .t.  perennans.  It  is  from  Bethlehem,  Pa., 
sent  by  Moser.     (PI.  XXXII,  A.)     See  note  on  this  under  .1.  hictnalis. 

A.  perennans  Tuckerm..  Am.  Jour.  Sci.  45  :  44.  1843.  "  Hab.  Carolina.  Wfl/- 
ter,  Fraseri  Elliott,  Curtis;    Pennsylvania,  Darlington;    Columbus,  Ohio,  SulU- 
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Tant  The  habit  of  this  species  is  very  marked,  and  it  is  pronoanced  *  quite 
distinct'  by  Doctor  Darlington.  It  is  probable  that  It  does  not  occur  very  far 
to  the  north."  As  this  is  primarily  a  change  of  name,  it  is  a  typonym  of  Comu- 
eopiar  perennans  Walt 

I  have  been  unable  to  find  the  specimens  upon  which  Tuckerman  Imsed  his 
descriptions  of  .4.  perennans  and  .1.  novcB-angliw.  The  name  A,  perennans 
Tockerm.  should  rest  uix)n  Cornucopiw  perennans  Walt.,  but  the  description 
seems  to  refer  to  another  form.  As  stated  below,  the  species  varies  from  the 
large  upright  stout  form  to  a  smaller  lax  decumbent  form.  These  extremes  seem 
qnite  distinct.  From  the  description  I  think  that  Mr.  Tuckerman  had  in  mind 
tlie  small  form  when  he  described  A.  perennans  ("Culmis  fere  decumbentibus 
tesi  g^iiculatis  ramosis  glabris  '*).  This  was  published  in  ttie  American  Journal 
of  Science.  July.  lS4i^,  in  an  article  on  the  Trichodium  section  of  Agrostls.  In  the 
same  place  he  publishes  A.  aliissima  based  on  Cornucopia'  altissima  Walt,  to 
which  he  adds  variety  laxa.  This  is  the  stout  large-panicied  form  which  is 
described  as  A.  novip-angliw  in  Hovey's  Magazine  of  Horticulture,  April,  1843. 

A.  nowF-anffliw  Tuckerm.,  Hovey's  Mag.  9 :  143,  1843.  Not  A,  noviB-angliw 
Vasey.  Contr.  Natl.  Herb.  3 :  76,  1892,  which  is  A,  borealis  Hartm.  Tuckerman 
says  '*  a  stout  coarse  grass  of  mountain  brooks  and  wet  rocks  in  the  Notch  of 
the  White  Mountains.  It  is  wholly  different  from  our  other  New  England 
species,  .4.  la^ri flora  and  .4.  scabra;  but  the  flowers  agree  so  nearly  with  those  of 
A.  altissima,  a  southern  siiecies,  that  I  have  thought  it  was  a  variety  of  that  plant 
It  differs,  however,  strikingly  in  habit"  In  his  review  of  Trichodium  section 
of  Agrostis  (Am.  Jour.  Sci.  45  :  44,  1843)  Tuckerman  says  under  Agrostis  altis- 
sima^ **  fi  laxa  (mihi)  ;  panicula  laxiori  ramis  longioribus  viridl.  A.  novce- 
tnglia  (mlhi  MSS.)."  This  would  seem  to  indicate  that  the  article  in  the  Ameri- 
can Journal  of  Science  was  written  before  that  in  Hovey's  Magazine,  although 
published  a  few  weeks  later.  This  is  the  large,  leafy  form  found  from  New 
England  to  North  Carolina,  but  it  passes  imperceptibly  into  the  ordinary  form 
and  I  am  unable  to  distinguish  it  even  as  a  subspecies. 

A.  campyla  Tuckerm.,  Am.  Journ.  Sci.,  Ser.  II,  6:  231,  1848.  "Hab.  New 
England,  New  York,  Torrey.  Pennsylvania,  Muhl."  Tuckerman's  specimen  in 
the  Gray  herbarium  is  the  erect  stout  form. 

A.  aphanes  Trin.,  Menu  Acad.  St  Petersb.,  Ser  VI,  6*:  346.  1841.  (Agros- 
tidea  II:  100.)  "Terra  nova.  (Lapylaie,  Kunth)."  From  the  description  this 
appears  to  be  yl.  perennans, 

A.  perennans  fFstivalis  Vasey,  Contr.  Natl.  Herb.  8:  7G.  1892.  Type  specimen 
collected  by  E.  Hall  at  Athens,  111.,  September,  18i'A.  No  specimen  is  indicated 
in  the  original  description,  but  the  range  Is  given  as  Illinois,  Tennessee,  and 
westward.  There  are  two  specimens  marked  by  Dr.  Vasey,  one  from  Illinois 
and  one  from  Tennessee  (Doctor  Gattinger).  I  have  taken  the  former  as  the 
type.  (PI.  XXXII.)  This  is  the  small  form.  If  this  form  is  to  l)e  distin- 
goished  by  a  name  it  is  probably  best  to  take  up  (estivalis  on  account  of  the 
uncertainty  of  A.  schweinitzii  Trin. 

A  intermedia  Scribn.,  Bui.  Torr.  Bot  Club,  20:47f>.     1803. 

This  species  is  described  in  a  footnote  accompanying  an  account  of  the  fiora 
of  southeastern  Kentucky.  Appended  to  this  article  Is  a  list  of  Hi)eclnien8.  Two 
numbers  are  mentioned  with  A.  intermedia,  39  :ind  174.  Tlie  first  would  he  the 
type.  This  was  collected  on  the  summit  of  Pine  Mountain,  Harlan  County, 
Tenn..  by  T:  H.  Kearney,  in  1893.  Professor  Scribiier  states  tiiat  this  siiecles 
is  IntermcHliate  l)etweon  .4.  elata  and  A,  percnnann,  his  idea  of  the  latter  l)elng 
the  small,  detnimbent  form.  I  have  been  unable  to  locate  tlie  tyiie  of  this,  but  a 
daplicate  type  is  in  the  National  Herbarium. 

The  citation  for  A.  intermedia  has  generally  1)een  given  as  Univ.  Tenn.  Agr. 
Fo[p.  Sta.  Bui.  7:  76.     1894.     (Grasses  of  Tennessee.  V\,  II.) 

.4.  pseudointermedia  Farwell,  Ann.  Kept  Com.  Parks  and  Boulevards,  Detroit, 
Mich.,  11:  4(S.  1900.  Gives  new  name  to  Agrostis  intermedia  Scribn.  on  account 
of  .4.  intermedia  Balb.,  Elencho  85.     1802. 

A.  scribneriana  Nash,  In  Small  Flora  S.  E.  States,  120.  1903.  Gives  a  new 
name  to  A.  intermedia  on  account  of  A.  intermedia  Balb.,  but  overlooks  A. 
p9€udointemi€dia  Farwell. 

Culms  erect  or  more  or  less  decumbent  at  base,  varying  from  weak  and  lax  to 
stout  and  tall.  30-100  cm.  tall.  I-icaves  rather  numerous,  the  blades  lax  or 
stiffly  upright,  corresponding  to    the  culms,  1-6  mm.  wide,   10-20  cm.  long. 
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Panicle  open,  oblong,  branches  ascending,  branching  again  about  the  middle 
Spikelets  2-3  mm.  long ;  empty  glumes  nearly  equal,  acute  or  acuminate ;  flower- 
ing glume  1.5-2  mm.  long,  awnless;   palet  none  or  minute.     (PI.  XXXI.) 

In  habit  this  species  is  quite  variable.  It  is  common  in  the  Middle  Atlantic 
States  in  autumn.  It  flowers  later  than  any  other  species  of  Agrostis  in  tlM 
Eastern  States  (September  to  November).  In  open  ground  the  culms  are  tufted 
stout,  and  erect,  with  stiff,  ascending  branches  of  the  panicle.  In  woodlandi 
the  culms  are  lilcely  to  be  decumbent  at  base,  while  in  deep  shade  or  alonj 
brooks  the  culms  and  foliage  are  weak  and  lax,  the  former  decumbent  anc 
spreading.  The  panicles  in  this  form  are  more  open,  with  fewer  branches,  whid 
are  sometimes  conspicuously  divaricately  branched.  In  the  large  suite  of  sped 
mens  examined  there  are  all  gradations  between  these  forms. 

DiSTBiBUTiON :  Maine  and  Minnesota  to  Florida  and  Texas.  I  have  alsc 
referred  to  this  species  Liebmann  714  from  Mirador,  Mexico.  A  specimen  fron 
Wolf  Creek,  Tenn.  (Kearney  No.  953),  has  the  flowering  glume  awned. 

The  plants  we  have  from  Japan  labeled  A,  percnnans  differ  from  ours  in  hav 
ing  the  panicle  more  compact,  narrower,  the  branches  shorter  and  more  erect 

A.  perennans  elata  (Pursh)  comb.  nov. 

Cornucopiw  altissima  Walt,  Fl.  Carol.  74.  1788.  "Culmo  erecto,  dure; 
panicula  coarctata;  flor.  magnis.'*  This  description  is  scarcely  suflicient  U 
identify,  the  species,  which  is  not  represented  in  Walter's  herbarium.  Th« 
plant  which  I  have  referred  to  A.  clatfi  is  quite  rare  and  there  are  few  speci- 
mens from  the  Carolinas,  the  region  covered  by  Walter's  Flora,  and  it  cer- 
tainly is  not  common.  There  does  not  seem  suflicient  evidence  for  taking  up 
Walter's  name,  nor  is  it  likely  to  be  any  better  known  in  the  future.  The  name 
is  inserted  here  because  later  autliors  have  assumed  that  this  was  Trichodium 
elatufn  Pursh.     It  is  more  likely  to  have  been  Agrostis  alba  L. 

Trichodium  elatum  Pursh,  Fl.  1:61.  1814.  "In  sandy  deep  swamps; 
New  Jersey,  Carolina,  etc."  The  type  specimen,  or  at  least  one  collected  by 
Pursh,  is  in  the  herbarium  at  Kew. 

A.  elata  Trin.,  Mem.  Acad.  St  Petersb.,  Ser.  VI,  6*:  317.  1841.  (Agros- 
tidea  II :  71.)     "  Nov.  Caesar.     (Gray  et  Greville.)" 

The  type  specimen  is  in  the  Trinius  herbarium  at  Fit  Petersburg.  There 
are  two  plants  mounted  on  the  sheet,  one  from  pine  barrens  of  New  Jersey, 
collected  by  Doctor  Torroy  and  sent  by  Greville,  1835.  The  other,  also  from 
New  Jersey  ("Nov.  Ca?sar"),  sent  by  Doctor  Gray,  1835.  The  second  would 
be  the  type,  as  it  is  the  one  first  mentioned  by  Trinius.  (PI.  XXXIII  A.) 
Both  specimens  agree  with  Pursh's  type.  It  may  be  Ijest  to  consider  this 
primarily  a  change  of  name,  in  which  case  the  type  is  Pursh's  plant 

A,  altissima  Tuckerm.,  Am.  Jour.  Sci.  45:  44.  1843.  "  Ilab.  Carolina,  Walter, 
Curtis;  New  Jersey,  Pursii,  Torrey."  Tuckernian  rofei's  to  this.  "  T.  n.  4  (anon.) 
Muhl.  Gram.,  p.  52  (fide  Torr.)."  I  should  consider  this  primarily  a  change 
of  name  and  that  Tuckernian  wished  to  take  vip  Walter's  Cornucopiw  altissima 
and  transfer  it  to  the  genus  Agrostis. 

This  differs  from  A.  percnnans  in  the  more  slender  and  elongated  culms,  often 
decumbent  at  base,  but  particularly  in  tlie  crowding  of  the  spikelets  toward  the 
ends  of  the  branches,  which  gives  them  a  more  drooping  appearance.  (PI. 
XXXIII.) 

DISTBIBUTION :  Swamps,  New  Jersey  to  Mississippi. 

New  Jebsey:  ;Sfcri'&ner  in  1881 ;  Pines,  Lrjr/<7r^^  in  1873;  Atlantic  Countj',  (?ro.?« 
in  1883;  Tom's  River,  Porter  in  1870;  Egg  Harbor,  Vasey  in  1884.  Maryij^nd: 
Brackish  marsh,  Ocean  City,  Hitchcock  in  1902.  Virginia  :  Low  ground,  burnt- 
over  pine  lands,  Warhurton  in  1903.  North  Carolina:  If.  A.  Curtis  (Torrey 
herb.).  South  Carouna:  M.  A,  Curtis  in  1S51  (Torrey  herb.).  Alabama: 
Gateswood,  Tracy  8371.  Mississippi  :  Biloxi,  Tracy  3864,  4555 ;  in  pine  woods 
clearing.  Pass  Christian,  Langlois  in   1882;  among  bushes   in  open   marshes, 
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Waynesboro,  Kearney  137;  growing  in  hummocks  in  shaded  pine  barren  bog, 
Nicbolaen.  Kearney  382. 

cc.    Flower iny  glume  awned. 
24.  A.  canina  L. 

A,  canina  L.,  Sp.  PI.  62.  1753.  "  Habitat  in  Europse  pascuis  hnmidiusculis." 
Tyite  si>ecimen  in  the  Linniean  herbarium.  Ayraulua  caninua  Beauv.,  Agrost. 
Su     1812.     Refers  .1.  eanina  L.  to  this  new  genus. 

Trirhodium  eaninum  Sehrad.,  Fl.  (lerm.  1 :  198.  1806.  Gives  description 
and  cites  .4.  eanina  Tj.  ex  Wilid.  as  synonym.    Gives  six  varieties. 

Culms  tufted,  30-50  cm.  tall.  Blades  mostly  short  and  narrow,  those  of  the 
cnlni  3-43  cm.  long,  usually  not  over  2  mm.  wide.  Panicle  loose  and  spreading, 
mostly  5-10  cm.  long.  Empty  glumes  equal,  acute,  2  mm.  long,  lower  minutely 
scabrcius  on  keel ;  flowering  glume  a  little  shoi*ter  than  the  empty  glumes, 
awned  on  the  back  about  the  middle,  awn  exserted,  bent,  callus  minutely  hairy : 
l«let  none.       (PI.  IX,  fig.  2.) 

This  si)ec*ies  is  apparently  not  native  in  this  country.  It  is  in  cultivation 
under  the  name  of  Rhode  Island  l)ent  and  has  escaiKHl  along  roadsides  and 
fields.  Our  sj^ecimens  in  the  National  Herbarium  are  all  from  the  Northeastern 
States.  This  species  resembles  the  awned  forms  of  A,  alba^  from  which  it 
differs  by  the  absence  of  the  pa  let. 

25.  A.  melaleuca  (Trin.)  comb.  nov. 

A.  canina  aenea  Trin.,  In  Bong.  M^m.  Acad.  ScI.  St.  Petersb.  Ser.  VI,  1:  170. 
1832.  Veg.  Sitcha.  Not  A.  acnea  Spreng.,  Syst.  Cur.  Post.  337,  1827.  For  note 
concerning  date  see  A.  wquivalvis.  The  original  descriptions  of  this  and  some 
other  species  appear  in  this  work  uuder  A.  canina^  as  follows:  "191.  Agrostis 
canina  L#.,  Tr.  Ic,  p.  208.  Trichodium  eaninum  Sehrad.,  Roem.  et  Schult.  II, 
p.  277.  Plauta  nostrati  ex  toto  simillima,  prieterquam  quod  spiculas  nonnihil 
majores  habeat.  Sed  in  regionibus  iilis  boreali-orlentalibus  et  alise  Agrostidis 
formiB  inveniuntur,  qiue,  etsi  partim  floralium  evolutione  singulae  varient,  tamen 
altera  in  alteram  adeo  transeunt,  ut,  quantumcumque  extremie  tandem  a  prlm- 
itivo  caninw  typo  recedant,  nihilominus  ejusdem  varletates  i)otius,  quam  totidem 
8peei€*s  i)eculiares  ci)nstituere  nobis  vldeantur.  In  eo  enim  cunctae  conveniunt, 
quod  folia  radicalia  angusti.ssima,  plerumque  pi.  min.  capillaria,  cuimea  iatiora, 
plana,  callum,  ut  in  genuina  canina^  subepilem  s.  obsolete  barbatum,  radicem 
denique  pi.  min.  rei)entem  hal)eant;  tametsi  et  Agr,  canina  nostras  mlnime  raro 
radice  mere  fibrosa  inveniatur.  Harum  varietatum  Sitchensium  altera,  genu- 
ine proxima,  quam  obflurum  colorem. 

a  aeneam  vocabimus,  canina?  quidem  florls  structura,  h.  e.  periantho  glumis 
paulo  breviori,  valvula  superlori  subobsoleta,  saepisslmeque  arista  longa  et 
geniculata  gaudens,  tamen  in  aliis  si)eciminibus  hac  aut  penitus  caret,  aut 
illius  loco  setulam  perbrevem  tantum  emittit,  fioresque  adeo  magnos  (genuina 
eanina  fere  duplo  majores)  habet,  ut  earn  prlmo  intuitu  cum  var.  ;^.confunderes. 

Alia  est  varietas,  qua*,  oh  glumas  purpurascendo-atras  et  valvulas  albas. 

fi  melaleuca  did  iwterlt.  Radix  Imic  distiuctius  repens  quam  in  a,  et  v. 
Perianthium,  in  aliis  ejusdem  si)eciminibus,  glumis  paulo  brevius,  in  allis 
easdem  squans:  In  illis  valvula  inferior  paulo  supra  medium  emittit  aristulam 
glumas  yix  excedentem,  valvula  sui>erior  autem,  ut  solet,  minima  est;  in  his 
valvula  inferior  mutica,  8ui)erior  adeo  evoluta,  ut  Inferiorem  fere  tequet, 
Utraiuque  autem  rem,  aristum  nimirum  aut  abbreviatam  aut  nullam,  et  in  Agr, 
eanina  nostrate  Invenlri,  valvulam  superiorem  vero  etiam  in  Agr.  alpina,  exarata 
alilsciue  Trichodiis  non  raro  fere  in  longltudlnem  valvulie  inferioris  protractam 
esse,  plurinue  observatlones  nos  edocuerunt.  Tertiam  denique,  ( y  )  wquivalvem 
diceiidam,  reapse,  quails  pro  se  exstat,  speclem  propriam  sistere  quis  non 
dixerit?  Huic  enim,  pneterquam  quotl  culmum  cum  foil  Is  robustiorem  et  pani- 
colse  radios  glumasque  prorsus  laeves  habeat,  perianthium  est  in  floribus  genuina 
eanina  fere  duplo  majoribus  jequivalve,  glumas  eequans  et  mutlcum." 

The  type  specimen  collected  at  Sitka  by  Dbctor  Mertens  In  1820  is  In  the 
Trlnlus   herbarium.     (PI.    XXXVI,    fig.    2.)     A   i)ortion    is   deposited    in    the 
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National  Horbarhim,  as  is  also  a  portion  of  Mertens's  spec'imen  from  Unalas*: 
(PI.  XXXVI,  fig.  1.)     I  have  selected  the  Sitka  spet-inien  as  the  type,   beeanfi 
this  locality  is  first  mentioned  under  A.  acne  a  below.     No  specimen  or  loeulity  ii 
mentioned  by  Bongard. 

A.  aenea  Tiin.,  Mem.  Acad.  St.  Petersb.,  Ser.  VI.  6*:  332.  1841.  (A^rostide! 
II:  86).  "  Sitica,  Unalasehka."  Trinius  refers  to  this  the  Alaskan  forms  ttiat  bi 
had  previously  included  under  A.  canina  aentm,  and  melalevca  in  Bongard^  L  *'. 

A,  erarata  aenca  Griseb.,  in  Ledeb.  Fl.  Ross.  4:  441.  1853.  "  Hab.  in  insuli! 
Unalaschka  (Trin.)  et  Sitchka!  (Bong.)"  Variety  mela{ei«ca  is  Included  heri 
by  Grisebach. 

A.  canina  melaleuca  Trin.  Mem.  Acad.  St.  Petersb..  Ser.  VI,  2: 170.     1832. 

The  original  description  of  this  Is  given  above  in  full.  I  have  been  uuable  ti 
find  the  type  siiecimen.  From  the  description  we  see  that  Trinius  includes  tw4 
forms,  the  first  of  which  has  the  perianth  (flowering  glume)  a  little  sliortei 
than  the  glumes,  the  superior  valve  (palet)  very  small,  and  has  the  iiiferio! 
valve  (flowering  glume)  bearing  a  scarcely  exserted  awn  a  little  above  tiM 
middle. 

The  second  form  would,  from  the  description,  belong  to  A.  wquivatvis,  l>ut  the 
name  melaleuca  should  rest  upon  the  fii'st  form,  which  applies  to  A.  aenea,  II 
is  to  be  noted  that  Trinius  himself  revises  iiis  disposition  of  these  forms  wtaei 
he  raises  A.  canina  aenea  to  specific  rank  (Agrostldea  11:86),  for,  allowing  his 
diagnosis  of  the  species,  he  says  '^Agroatis  canina,  aenea  et  melaleuca  (utraquc 
partim)  Trin.  in  Bongard.  Florula  Sitchensis  in  Act.  Petropol.  1832,  p.  170." 
It  Is  for  these  reasons  that  I  have  taken  up  melaleuca  for  the  untenable  name 
aenea. 

Differs  from  A.  harealis  In  having  the  panicle  oblong  rather  than  pyramidal. 
and  in  having  the  awn  straight  and  included  or  slightly  exserted  rather  than 
exserted  and  geniculate.  The  culms  are  usually  tall  (30-50  cm.)  and  more  leafy 
than  in  A.  horealis.  The  latter  is  sometimes  as  tall,  but  then  has  proportion- 
ately larger  and  more  diffuse  panicle.  The  culms  of  A.  melaleuca  occur  as  iso- 
lated plants  rather  than  tufted,  and  the  spikelets  are  copper-colored.  The  char- 
acteristic habitat  of  this  species  is  sphagnum  swamps. 

Distribution  :  Alaska,  Kadlnk  Island,  Gcorgeson  2,  3,  Coville  an-d  Kearney 
2348;  Sitka,  Evans  254,  Wright  1579;  Unalaslva,  Kellogg  119;  Nagai  Island. 
Eanington;  Attn  Island,  Geoh  Surv.  Can.  32,  126;  Piper,  Yakutat,  4628,  4030, 
Sitka  4029,  Seldovia  4627,  and  Ankow  4626.  British  Columbia:  Rogers  Pass, 
Selkirk  Mountains,  7,000  feet,  GeoJ.  Surth  Can,  5.  Colorado:  Silver  Plume, 
Rydherg  2425;  Mount  Massive,  12,000  feet.  Holm,  August,  1899. 

This  includes  most  of  the  material  that  has  been  referred  to  A.  canina  and  A. 
rubra.  It  may  be  that  the  two  Alaska  specimens  included  under  A.  borealis 
should  go  here. 

26.  A.  borealis  Hartm. 

A,  rubra  L.,  Sp.  PI.  62.  1753.  This  name  has  been  commonly  used  for  our 
plant,  but  since  the  Linntean  plant  can  not  be  identified  it  seems  best  to  take  up 
the  next  name  which  can  be  definitely  connected  with  the  species  here  consid- 
ered. My  reasons  for  this  course  are  given  in  detail  in  another  place  (Bot.  Gaz. 
88:141.  1904).  Briefly,  they  are  these:  There  is  no  type  specimen;  the  plant 
in  Linnseus's  lierbarium  labeled  A.  rubra  is  SiK)robolus,  and  there  is  evidently  an 
error.  The  description  is  insufficient  and  incorrect,  in  so  far  as  the  awn  is 
.described  as  terminal,  while  A.  canina  is  said  to  have  a  dorsal  awn.  The  cita- 
tions or  references  to  plates  are  based  upon  Gastridium  australe.  While  it  Is 
true  that  later  authors  have  fixed  the  name  A.  rubra  to  a  definite  plant,  it  seems 
best  for  the  sake  of  stability  to  discard  the  name  A.  rubra  L. 

A.  borealis  Hartm.,  Scand.  FL,  Ed.  Ill,  17.  1838.  Mr.  C.  H.  Ostenfeld  of  the 
Copenhagen  Botanical  Museum,  lias  tr.anscrll)e*l  and  translated  Hartmann's 
description  for  me,  as  follows :  "  Panicle  pyramidal,  with  few-flowered,  some- 
what scabrous  branches;  awn  as  in  the  foregoing  (A.  canina);  basal  leaves 
narrower. 

"Mountains  in  wet  places  (Lapland).  Resembles  the  foregoing  (A.  canina) 
with  regard  to  the  flower,  the  following  (A.  vulgaris)  with  regard  to  the  appear- 
ance in  general.*' 
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A,  mertensii  Trin.,  Mein.  Acad.  St.  Petersb.  Rer.  VL  tt^.  331.  \^\^  (Agrosti- 
dea  11:85).  '*  Unalasehka  (Mertens. — foliis  flacc'idioribus  et  molUoribus)."  A, 
laxiflora  mi^Unsii  Griwb.,  in  Ledob.  Fl.  Ross.  4:  442.  1853.  "  Ilab.  in  insula 
Unalaschka  (Mertens  ap  Trln.)."  The  tyiie  siKK'imen  of  A,  mei'tensii  \s  in  the 
Trinlus  herbariuii].  A  i)ortion  of  this  is  deix)sited  in  the  National  Herbarium. 
It  was  collected  in  Unalaska  by  Doctor  Merteus  in  1829.  (PI.  XXXV,  flg.  1.) 
It  differs  from  the  Flett  (IfiSO)  and  the  Wright  (1584)  siiecimens  in  having 
more  acuminate  empty  glumes.  The  V\\}er  (4017,  4i»18)  si^ecimens  agree  well 
with  the  tyi)e,  but  are  more  robust  It  seems,  however,  scarcely  worthy  of  spe- 
lific  or  even  8ubsi)€<'ific  rank.  A,  incounpicuum  Kunze  is  mentioned  under  this 
as  a  synonym  by  Trlnius. 

A.  vanina  alpina  Oakes,  Cat  PI.  Ver.  32.  1842.  "^1.  rupestris  Gray  in  Sill. 
Joar.,  vol.  42.  On  the  summit  of  Camel's  Ilump  Mountain,  Kobbins,  Tucker- 
man,  and  Macrae,  July.  This  variety  is  common  on  the  White  Mountains 
and  is  connected  with  the  (romiiion  variety,  whi<'h  is  abundant  in  Essex  County. 
Mass.,  by  several  intermediate  forms  found  at  tlie  base  and  on  the  sides  of  the 
>Miite  Mountains.**  A.  rupcatris  (iray  is  a  nomen  nudum,  as  (iray  in  the  arti- 
cle referretl  to  only  mentions  finding  AgroHtis  vupcstris  on  Roan  Mountain. 
(Notes  of  a  Botanical  Excursion  to  the  Mountains  of  Nortli  Carolina,  etc.,  p. 
42.)  I  have  examined  the  si)eclmen  of  Oakes  in  the  (iray  herbarium,  which 
is  probably  a  dui)licate,  and  also  the  si)ecimen  collec»ted  by  Gray  on  Roan  Moun- 
tain, upon  which  is  based  .1.  rupvHtriH  of  Chapman*s  Flora,  etc. 

A.  ranina  var.?  tcnella  Torr.,  Fl.  N.  Y.  2:443.  1843.  "Mountains  In  the  north- 
em  part  of  the  State.  This  grass  cliflTers  from  A.  canina  in  its  less  diffuse 
panicle,  narrow  glunies.  and  flat  leaves,  and  yet  I  know  of  no  other  species  to 
which  it  is  more  nearly  allied." 

A.  pickcringii  Tuckerm.,  Hovey's  Mag.  Hort  9:  143.  April,  1843.  Also 
Am.  Jouro.  Sci.  45:  42.  1843,  probably  later  than  the  above,  as  the  signature 
title  reads  "Apr.-June.*'  In  the  first  article  the  description  is  in  English.  In 
the  second  is  given  the  equivalent  in  Latin,  but  there  is  added  a  variety  rupicola 
with  smaller  contracted  panicle  and  purplish  white  flower's  from  White  Moun- 
tains, Pickering  and  Oakes,  and  from  Camel's  Hump,  Vermont  .4.  canina  var. 
alpina  Dukes  is  given  as  a  synonym  of  the  variety.  In  the  first  the  locality  is 
"White  Mountains;*'  the  second,  "White  Mountains,  (ireat  Haystack.'*  The 
type  sj)eclmen  is  in  the  (Jray  herbarium. 

-1.  concinna  Tuckerm..  1.  c,  publishe<l  In  both  articles  as  above.  From  the 
first  we  have  **  Hab.  White  Mountains.  Quite  distinct  from  .4.  alpina,  A. 
rupcHtriM,  and  A.  canina.*'  From  the  second  article,  "  Ilab.  White  Mountains, 
stony  alpine  moor  on  Mount  Monroe,  with  Cat'cx  HCirpoidea  and  Potentilla 
minima.  Somewhat  resembling  A.  alpina  in  habit,  but  that  is  remarkable  for 
the  two  bristles  at  the  top  of  the  inferior  i)alea,  and  the  awn  at  its  base.  It 
is  quite  different  from  A.  rupestris  and  A.  canina.'*  The  type  specimen  is  in 
the  Gray  herbarium.  It  is  i)ossible  that  Tuckerman's  8i>ecimens  In  the  Gray 
herbarium  should  be  cousidere<l  as  duplicate  types. 

A.  rubra  americana  Scrlbn.,  in  Macoun  Cat  PI.  Can.  2 :  391.  1890.  "  It  is 
tlie  same  as  A.  rupestris  Chapm.  (non  All.),  found  on  Roan  Mountain,  North 
Carolina.  The  same  plant  grows  on  the  White  Mountains  of  New  Ilami)shire 
(A.  canina  var.  alpina  Oakes),  together  with  the  true  A.  rupestris  All." 
Macoun*s  8i)eclmens  are  from  Mount  Albert,  Quebec. 

A.  novw-ajigliw  Vasey,  Contr.  U.  S.  Natl.  Herb.  8 :  76.  1892.  Not  A.  nova- 
anglifr  Tuckerm.  Vasey  cites  A.  scuhra  var.  montana  Tuckerm.  as  a  synonym, 
but  the  description  and  the  plants  in  the  National  Herbarium  which  Vasey 
studied  and  marked  are  A.  horealis.  1  take  as  the  tyi>e  of  this  a  si)eclmen  col- 
lected by  C.  (i.  Prlngle  in  1877  on  Mount  Washington,  New  Hampshire. 

A.  paludosa  Scrlbn.,  U.  S.  Dept  Agr.,  Div.  Agros.,  Bui.  11:49.  1S98.  "Blanc 
Sabion,  Labrador  (Rev.  A.  Waghorne,  September  25.  1S93)."  Tlie  tyjK^  sp<»cJ- 
nien  Is  in  the  National  Herbarium.  This  belongs  to  the  group  of  dwarf  forms 
which  are  intermediate  between  A.  hicnutlis  and  A.  horealis.  The  tyi)e  spin-imen 
resembles  Macoun's  No.  57,  from  Anticosti  Island.  It  has  the  floret  as  long  as 
the  outer  glumes  and  no  i)alet  A  s[>ecimen  from  I'nalaska  resembles  this, 
but  has  the  glumes  abnormally  elongated  (Everman  129).  I  have  placed  this 
form  with  A.  horealis  until  more  material  can  be  examined.  It  appears  to 
differ  only  in  the  absence  of  the  awn.  Its  ai^parent  rarity  is  an  indication  that 
it  may  he  only  an  awnless  form  of  .1.  horealis. 

Cnlms  tufted,  29-40  cm.  tall,  or,  In  alpine  or  high  northern  plants,  dwarf. 
Leaves  tufted  at  base,  few  on  culm ;  blades  narrow  and  mostly  upright,  1-2  or 
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Bomettmes  3  mm.  wltlo.  It-lO  nn.  long.  Panlole  pyrnmldal.  5~15  cm.  lone;  tbe 
lower  bniDcheB  whorlcd  and  Bpreiiding.  upper  axcendlDg  or  contracted,  sllghtl; 
scfibrouK  or  nearly  Hninolh.  lOmpt.v  Kluines  iihuuII.v  purple,  equal.  2.5—3  lum. 
long,  Hcufe.  Tery  minutely  Bcabrone  on  keel  townrd  tip;  flowering  gluoie  a  little 
sborter  than  the  empty  gtuincH,  awii  URually  bent  and  exserted  1^-3  mm.  beyond 
tbe  Bplkelet,  attached  about  the  middle  of  the  back ;  In  some  forms  tbe  nvrn  la 
Bhorter  or  even  obsolete;  palet  none  or  minute.  (PI.  XXXIV.  Rg.  1,  and  PI. 
XXXV.  IIr.  2.) 

DiBTBiBUTioN :  Alaska  to  T.Abrador,  and  tbe  mountains  of  New  York    and 
New  England;  alBO  nionntains  of  North  Carolinn.    Ai.aska:  Unalaska,  Mrrlen* 
In  1820.  Piper  4CI8;  Kndiak,  Piper  4(117:   Sitka,   Wright   ISM;  Nome    City, 
Flell    1089.     Labbadok  :  Ungavu    Bay.   Oeol.-  Surv.    Can.    12981 :    St.    Nlcbolla. 
Waphonie  23a;   Cortrldfte  Blgbt.    Waghome   In 
1891.      QitRBEc:    Mount    Albert.   Macoun    22.    24. 
Newfoiindlani>:  Waghoi-ne  In  1892;  Battle  Har- 
bor.  Waghorne  In  ISfll ;  (Jmnd  Lake.   Waffhome 
10.    Maine:  Mount  Bigeiow.  Femald  and  Strong 
W;  Mount  Katabdin,  Brigg*  32.  KMS,  Femald. 

\ir  ,Iuiy.  laOO.  New  Hampbhibe:  White  Mountains?. 
K  Oake».  Pringle,  Chickering.  Churchill.  Hitaticirk. 
ft  /■'((Ton,  4,  5.  0,  19.  20,  21.  22.  Vebmont:  Carae!"B 
Hump,  Pringle;  Mount  Manafield.  Eggleston. 
North  Carolina:  Roan  Mountain.  Scribner,  Va- 
*(■!».  Chickering.  A.  dwarf  form  which  I  have 
referred  bere  is  represented  by;  Labrados,  Allen 
22  (PI.  XSXIV.  fig.  2).  Waghorne:  Newfou^o- 
LAND.  Waghorne. 

Two  specimens. collected  at  Cartwrlgbt.  Labra- 
dor, by  Waghorne  (34,  -38)  are  doubtful.  They 
differ  from  A.  burealla  in  the  leafy  stem  and 
short  straight  awn.  and  from  A.  melaleiica  In  tbe 
tufted  habit. 

A.  borealiH  differB  from  the  dwarf  form  of  A. 
hiematin  gcmlnata  Id  the  less  scabrouB  branches 
of  the  punlele. 

27.  A.  tongiligula  sp.  nov. 
Fio.i-Air™(«pait«io«.Bcribn.;       Culms  erect,  tali.  70  cm  In  height    Leaves  bct- 
^i„re,'h<,wC:Uu"^rt»^d    -■■>'■■  '-"""■'«  '^-'^  en,,  long,  3^  mm.  wide.  »«- 
three  stamens.  Iirous;   ligule  elongated  and  decurrent,  5-6  mm. 

Ion?.  Panicle  bronze-purple.  10-18  cm.  long, 
rather  deuBely  flowered:  branches  very  scabrouR.  Empty  glumes  acute,  Bca- 
Urous  on  the  keel  nnd  minutely  hU|>ldulous  on  tbe  bach,  lower  nearly  4  mm. 
long,  uiqter  aliiiut  :i.ri  mm. ;  duwcrlni;  giuue  about  2,5  mm.  long,  tbe  upper  por- 
tions of  the  nerves  minutely  Bcabrous.  awned :  awn  rising  from  the  middle  of  the 
l^nck.  esBerte<l.  2-2.5  umi.  long,  bent  at  tbe  middle;  callus  hairs  very  Bbort; 
palet  minute,  about  .2  mm.  long. 

Tbe  tyiH*  si>e<[men  in  the  National  Herbarium  was  collected  near  Fort  Bragg. 
Mendocino  County,  (!al..  In  water  of  u  meadow,  by  Davy  and  Blasdale  (Ka 
«110).  In  189ft.  (PI.  XXXVI,  fig.  3.)  Tbe  same  collectors  found  It  In  other 
localities  In  tills  "lunty  (Nos.  C088.  (!«95,  (WOO,  tiVXi.  filO(l.  0107.  filSl,  6140). 
There  Is  also  a  H|>e<.'inien  without  locality  collected  in  California  by  Bolauder  In 
1860  (No.  6472)). 
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This  species  is  allied  to  A.  borealis,  but  differs  in  the  more  scabrous  branches 
of  the  panicle,  in  the  oblong  panicle,  and  in  the  long  iigule. 

Davy  and  Blasdale  6131,  collected  in  dense  brush,  Is  tall,  but  very  slender, 
and  with  numercius  lax  leaves  and  a  diffuse  green  panicle.  The  ligules  are  con- 
^CDOusly  elongated  (8  nini.)> 

SPECIES  EXCIiXTDED. 

The  following  list  has  been  prepared  by  Mr.  P.  L.  Ricker.  Mr. 
E.  D.  Merrill  has  examined  the  grasses  of  Muhlenberg  in  the  her- 
barium of  the  Philadelphia  Academy  of  Natural  Sciences  (see  U.  S. 
Dept.  Agr.,  Div.  Agros.,  Circ.  27)  and  of  Elliott  in  the  herbarium  of 
the  College  of  Charleston  (see  Circ.  29, 1.  c.)  and  has  recorded,  in  man- 
uscript, notes  upon  the  synonymy  of  other  specias.  These  synonyms, 
however,  have  not  been  given  critical  study  and  are  here  given  only 
as  a  matter  of  convenience  in  tracing  the  various  species  of  our  North 
American  flora  Tvhich  may  have  been  assigned  at  one  time  or  another 
to  Agrostis,  but  are  excluded  in  the  present  limitation  of  the  genus. 

A.  afflnis  Schnlt.,  Mant.  2:  195.    1824.    Based  on  Agrostis  No.  17,  Mnhl.  Descr. 

75.     XHil^Sporobolus  f  afflnis  (Schult.)  Kunth. 
A.  airoides  ^ott.^  Ann.  Lye.  N.  Y.  1:  151.     1824=iSporo6oZit«  airoides  (Torr.) 

Terr. 
A.  aspera  Michz.,  Fl.  Bor.  Am.  1:  52.    1803=/S(porobo/iM  asper  (Michz.)  Kimth. 
-4.  austrcUis  L.,  Mant.  PI.  1:  30.     17^7 ^Oastridium  lendigerum  (L.)  Gaud.     (G. 

auBtrale  (L.)  Beauv.) 
A.  harbatis  Buckl.  ex  A.  Gray,  Proc.  Acad.  Nat.  Sci.  Phila.  1862:  334.    18^3= 

MtMenbergia  texana  Bnckl.  fide  Merrill  mss. 
A,  harbata  Pers.,  Syn.  1:   75.     lS0^=Sporobolu8  asper  (Mlchx.)   Knnth  fide 

Spreng.  sab  Agrostis  aspera  Michz. 
A,  brevifolia  Nntt.,  Qten,  1:  44.    1818=jSporo6o/M«  brevifolius  (Nntt.)  Scribn. 
A,  ccBspitosa  Torr.,  Ann.  Lye.  N.  Y.  1:  152.     1824,=Muhlenhergia  sylvatica  Torr.? 
A,  cinna  loan,  ex  Pursh,  Fl.  Am.  Sept.  1:  64.    1814 =Cmiia  arundinacea  Walt.! 
A,  elandestina  Spreng.  ez  Muhl.,  Descr.  73.    lB17=Sporoboltis  asper  (Michz.) 

Knnth  fide  Merrill  mss. 
A.  eomposita  Poir.  ez  Lam.,  Encycl.  Snppl.  1:  254.     ISIO =Sporoholtis  compositus 

(Poir.)  Merrill. 
A,  compressa  Torr.,  Cat.  PI.  N.  Y.  91.  1819  not  Poir.    lS10=Spor(>boltLS  torrey- 

anus  (B.  &  S.)  Nash,  fide  Britt.  Man.  107. 
A,  compressa  Poir.  ez  Lam.,  Encycl.   Snpp.  1:  258.    1810 =Sporobolus  asper 

(Michz.)  Knnth  fide  Merrill  mss.  ez  descr. 
A.  cryptandra  Torr.,  Ann.  Lye.  N.  Y.  1:  151.     182^= Sporobolvs  cryptandrus 

(Torr.)  A.  Gray. 
A.  d£lnlis  (H.  B.  K. )  Spreng. ,  Syst.  1 :  262.     1825= Muhlenbergia  debilis  (H.  B.  K. ) 

Trin. 
A,  diffusa  Mnhl. ,  Descr.  46.    1817  not  Host.  =Muhlenhergia  sylvatica  Torr.  fide 

Merrill  mss. 
A.  domingensis. Schuit.,  Mant.  3:  570.     1827=iSporo?)oZM«  domingensis  (Schnlt.) 

Knnth. 
A,  erecta  (Schreb. )  Spreng. ,  Syst.  1 :  264.    1825= Brachyelytrum  erectum  (Schreb. ) 

BeanT. 
A,  festucotdesMxibl.  ez  R.  &  S.,  Syst.  1:  326.    1817  as  ayn,  =Muhlenbergia  race" 

mosa  (Michz.)  B.  S.  P.  fide  Merrill  mss. 
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A,  filiformis  Willd.,  Ennm.  95.     1809 =Muhlenbergia  mexicana  (L.)  Trin.  fide 

Ind.  Kew. 
A,f  glauca  Muhl.  Descr.  76.     1S17  ==Calamagro8ti8  cinnoides  (Mnhl.)  Barton  fide 

Merrill  mss. 
A,  gracilis  Willd.  ex  Trin'.,  in  Mem.  Acad.  St.  Petersb.  VI.  6*:  302.     1841    as 

syn»  =Muhlenbergia  gracilis  (H.  B.  K.)  Trin. 
A,  groBnlandica  Stead.,  Syn.   PL   Gltim.   1:  175.     1854.     Apparently  not    an 

Agrostis. 
A,  indica  L.,  Sp.  PI.  63.     175S=Sporobolus  indicus  (L. )  R.  Br. 
A.  involuta  Mnhl.,  bescr.  72.     1S\1 =Spor6bolti8  compositus  (Poir.)  Merrill  fide 

Merrill  mss. 
A.  juticea  Michx. ,  Fl.  Bor.  Am.  1 :  52.     180S=Sporobolu8  junceus  (Michx. )  Knnth. 
A,  lateriflora  Michx.,  Fl.  Bor,  Am.  1:  53.     180^= Muhlenbergia  viexioana  (L.) 

Trin.  fide  Ind.  Kew. 
A.  latifolia  Trev.,  Beschr,  Bot.  Gart.  Bresl.  82.     1830=Ctnna  latifolia  (Trev.) 

Griseb. 
A,  lendigera  DC, =Ga8tridium  lendigerum  (L.)  Gand. 
A.  littoralis  Lam.,  Tab.  Encyc.  1:  161.     1791  =Sporoholu8  asper  (Michx.)  Knnth 

fide  Spreng.  sub  Agrostis. 
A.  littoralis  With.,  Bot.  Arr.  Brit.  PL  23.     1776= Polypogon  littoralis  (With.) 

J.  E.  Smith. 
A,  longifolia  Torr.,  FL  U.  S.  1:  90.    1824=Sporobolti8  compositus  (Poir.)  Mer- 
rill fide  Merrill  mss. 
A,  matrella  L.,  Mant.    185.    1771  =Osterdamia  matrella  (L.)  Knntze. 
A,  mexicana  L.,  Mant.    Sl=Muhlenbergia  mexicana  (L.)  Trin. 
A,  mexicana  Pers.,  Syn,  1:  76.    180fy=Calamxigrosti8  canadensis  L.? 
A,  microsperma  Lag.,  Gen.  et  Sp.  PL  2.    1816= Muhlenhergia  dehilis  Trin. 
A.  mUiaxiea  L.,  Sp.  PL  61.     17^=Oryzopsis  miliacea  (L.)  Richt. 
A,  minutissima   Stend.,  Syn.   PL  Glnm.    1:  171.     18M=Sporobolu8  ramulosus 

Knnth. 
A,  nutans  Poir.  ex  Lam.,  Encyc.  Snppl.  1:  255.    1810= Panicum  anceps  Michx.? 
A,  oligantJia  R.  &  S.,  Syst.  2:  372.     1817 =Muhlenbergia  tenuiflora  fide  Merrill 

mss. 
A.  paradoxa  L.,  Sp.  PL  62.    17^=Oryzopsis  paradoxa  (L.)  Nntt. 
A,  paradoxa  R.  Br.  in  Ross.  Voy.  Ed.  II  2:  192.    1819  nom.  nud. =Arctagro8tis 

latifolia  (R,  Br. )  Griseb.  fide  Ind.  Kew. 
A.  pauciflora  Pnrsh,  Fl.  Am.  Sept.  2:  63,     1814i=Mu1ilenbergia  tenuiflora  pauci- 

flora  (Pnrsh)  Scribn. 
A.  polystachya  Bosc,  ex  Lam.,  Encycl.  Snppl.  1:  254.    1810,  as  syn. :=Sporo6o/«^ 

compositus  (Poir.)  Merrill. 
A,  punctata  (L.)  Lam.  Encycl.  1:  58.     178'^= Eriochloa  punctata  (L.)  W.  Hamilt. 
A,p%mgens  Pnrsh,  Fl.  Am.   Sept.    1:    64.    1814=5porodo/MS  pungens  (Pnrsh) 

Knnth.  =5.  virginicus  (L.)  Knnth  fide  Hook.  Fl.  Brit.  Ind.  7:  249.     1896. 
A,  racemosa  Michx.,  FL  Bor.  Am.  1:  53.     \80S =Muhlenhergiaracemosa  (Michx.) 

B.  S.  P. 
A.  ramosa  Poir.,  in  Lam.   Encycl.   Snppl.  1:  257.     1810=^rtoc/iZoa  annulata 

(Flngge)  Knnth  fide  Ind.  Kew. 
A,  rubtcwnda  Bosc,  in  DC.  Hort.  Monsp.  151.    1813,  as  SYn,=  Muhleribergia  ex- 

pansa  (Poir.)  Trin. 
A,  sericea  Muhl.,  Descr.  64.     1817 =Muhletibergia  capillaris  (Lam.)  Trin.  fide 

MerriU. 
A.  serotina  Torr.,  Fl.  U.  S.  1:  88.    1824= Sporobolus  uniflorus  (Muhl.)  Scrib.  & 

Merrill  fide  Merrill  mss. 
A,  setosa  Spreng. ,  Syst.  1 :  262.     182b =Muhlenhergia  debilis  Trin.  fide  Merrill  mss. 


NOTES    ON   MEXICAN   SPECIES.  57 

.4.  wfosaMuhl.,  Deacr.  68.     \8\7 =Muhlenbergia  racemosa  (Michx.)  B.  S.  P.  fide 

Merrill  inss. 
A.  aobolifera  Mnhl. ,  in  Willd.  Ennm.  95.     1809 =Muhlenbergia  sobolifera  ( Mnhl. ) 

Irin. 
A,  tpieor-venti  L.,  Sp.  PI.  61.    175S= Apera  spica^venti  (L.)  Beauv. 
A.  mtaveoiens  Blytt,  Mag.  Natarv.,  1837 =Cinna  latifolia  (Trev.)  GMseb.  fide 

Ind.  Kew. 
-4.  9iflvatica  Torr.,  Fl.  U.  S.   87.     1824  not   L.  \1^2=Muhlenbergia   sylvatica 

(Torr.)  Torr. 
A,  tenuiflora  WiUd.,  Sp.  PI.   1:  364.     179^ =Muhle7ibergia  tenuiflora  (Wmd.) 

B.  S.  P. 
A.  tenuiflora  Ell.,  Sk.  1:  134.     ISIQ =Muhl€nbergia  difftma  Schreb.  fide  Merrill. 
A.  thyraoides  Bosc,  in  Mem.  Acad.  St.  Petersb.  Ser.  VI.  6*:  76.    184D,  as  syn.  of 

Vilfa  fulvescens  Trin. 
A.  torreyana  Schnlt.,  Mant.  2:   263-     1 824 =SporoftoZM«  torreyanus  (R.  &  S.) 

Kash. 
A.  trichantha  Schrank,  Begensb.  Denksch.,  2:  5,  ez  Stand.,  Syn.  PI.  Glum.  1: 

175.     1854.    Apparently  not  an  Agrostis. 
A.  trichopodes  Ell.,  Sk.  1:  135.     \H\7 ^Muhlenhergia  expanaa  Trin.  fide  Merrfll. 
A.  vagirueflora  Torr.,  in  Gray  Man.  57Q=SporoboliL8  vaginoBflorus  (Torr.)  Wood. 
A.  virginica  L.  Sp.  PI.  63.    1 753 =Sporo6oZM«  virginicus  (L.)  Knnth. 
A.  virginica  Mnhl.,  Descr.  74.    1817 =5'poro2)o/ti«  vaginceflorua  (Torr.)  Wood  fide 

Merrill  ms8. 

KOTES  OK  MEXICAN  SPECIES. 

Fournier  has  described  several  species  of  Agrostis,  but  unfortu- 
nately I  have  not  been  able  thus  far  to  identify  all  of  these  satisfac- 
torily. It  is  quite  possible  that  many  of  his  new  species  will  later  be 
reduced  to  synonymy.  Below  I  give  transcripts  of  the  original 
descriptions  of  Fournier's  species,  as  published  in  his  Mexicanas 
Plantas,  Graminea),  1881. 

A.  tolucen^M  H.  B.  K.,  Nov.  Gen.     1:    135.     1815. 

I  have  not  seen  the  type  specimen  of  this,  but  we  have  Liebmann*s  No.  701 
from  Orizaba,  wbieb  is  one  of  the  specimens  cited  by  Fournier.  I  talce  Pringle*s 
No.  4219,  from  the  State  of  Mexico,  Mexico,  to  be  this  species.  (PI.  XXXVII.) 
A  specimen  from  Costa  Rica  (Pittier  3373)  also  agrees  with  this.  Pringle  No. 
5202,  from  the  State  of  Mexico,  Mexico,  is  a  dwarf  form.  All  agree  in  having 
the  awn  attached  below  the  middle  of  the  glume. 

A.  iHreacens  H.  B.  K.,  I.  c. 

The  type  specimen  is  In  the  herbarium  of  the  Museum  of  Paris.  (Pl.  XXXVII, 
B.)  This  has  a  looser  panicle  and  the  nwn  is  attached  alwve  the  middle  of  tbe 
flowering  glume.    It  may  be  a  form  of  A.  tolucensia  H.  B.  K. 

"A.  schaffneri  Fourn.,  1.  c,  94. 

''  Culmo  glabro,  2-3  pedali ;  vaginis  laxis,  foliis  planis  latis  mollibus,  ligula 
longn  fissa ;  folio  ultimo  panlculam  longe  invnginante.  etiam  superante :  pa- 
tiicula  longa  composita,  fere  pedali,  nitide  virenti,  radiis  erecto-appressis  basi 
nudis;  spiculis  angustis  glabris;  gluniis  nitidis  florem  sui>erantibus,  secus 
carinam  scabris,  inferiore  longlore  acuta;  palea  inferiore  Integra,  involuta, 
arista  gracill  recta  e  medio  orta  florem  superante;  paiea  sui)eriore  deflciente. 
antberis  3. 

"Tacubaya  (Schaflfn.  n.  86  et  308  in  herb.  Franq.). 

"Var.   fi.  mutica, 

"Tacubaya  (Schaffn.  n.  1  in  herb.  Franq.)." 
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I  have  seen  no  specimen  of  this.     From  the  description  it  may  be  A.  pallen9 

foHosa. 

*M.  tacuhayensis,  Foum.,  1.  c,  95. 

"  Culmo  pedali ;  foliis  planis,  fasciculorum  setaceis ;  panicula  4-pollicari,  effusa, 
radlis  solltarlis  longls  insequallbus  eirciter  a  medio  florlferis;  glumis  yiolaceis 
InaBqualibns,  flosculo  fere  dlmidlo  breviore  quam  gluma  inferior. 

"Pr.  Tacubaya,  jullo  (Schaffn.  n.  91)." 

I  have  seen  no  specimens.     It  may  be  some  form  of  A,  hietnulis. 

A  hourgcei  Foum.,  1.  c,  95. 

Culmo  plus  quam  bipedali ;  foliis  planis  3"  longis,  2'"  latis,  ligula  acuta 
laclniata  bilineali,  panicula  acuta  3-4  poliicari,  radiis  hispidis  brevibus  remote 
verticillatis  erecto-appressi^  a  medio  eirciter  florlferis,  glumis  atro-violacels 
ina^qualibus  acutis  in  carina  hispido-aculeatis,  flosculo  mutico  paulo  breilore 
quam  gluma  superior. 

"  Pedregal  pr.  Tizapan  in  valle  Mexicensi,  augusto  (Bourg.  n.  682)." 
The  type  Ri)ecimen  is  in  the  heri)arium  of  the  Museum  of  Paris.     I  should 
refer  this  to  A,  achiedeana  Trln.  as  represented  by  Pringle  4485,    There  is  a 
small  palet     (Pi.  XXXVII,  /).) 

"A.  virletii  Foum.,  1.  c,  90. 

"  Planta  csespitosa  robusta,  culmo  valido,  vaginis  latis  marcescentibus,  foliis 
3'"  latis,  planis,  acutis,  ligula  longa  amptexicauli  laclniata;  panicula  4-5  polli- 
carl,  invaginata,  lucida,  radiis  erecto-appressis  scabris  a  medio  dense  florl- 
feris, ut  maximum,  sesquipolllcaribus ;  glumis  violaceis,  scabris,  acuminatis, 
inferiore  praesertim,  demum  patentlbus,  flosculo  mutico  sequante  glumam  supe- 
riorem. 

"  Var.  a — Palea  superiore  ^  inferioris  fequante. 

"San  Luis  de  Potosl  (Virl.  n.  1345). 
Var.  fi — Palea  superiore  i  pala*  inferioris  sequante. 
Cum  typo. 

'*  Var.  X — Palea  superiore  lata  ovarium  cingente  et  squamulas  llnearea 
fequante. 

"Absque  loco  (Schaffn.  in  meo  herbario)  :  pr.  Tacubaya  (Schaffn.  n.  307  In 
herb.  Franq.  Junio)  ;  pr.  Guazimalpan  (Schaiin.  n.  4  in  herb.  Franq.)." 

The  type  specimen  is  In  the  herbarium  of  the  Museum  of  Paris.  The  palet 
is  about  two-thirds  the  length  of  the  flowering  glume.     (PI.  XXXVII,  A.) 

**A.  herlandieri  Fourn.,  1.  c,  96. 

"Culmo  sesquipedali,  giabro;  foliis  caullnis  et  fasciculorem  planis  lineam 
latis,  subulatis,  ligula  hyalina  flssa  sesquilineali,  panicula  invaginata  3^ 
pollicari,  contractiuscula,  radiis  subverticillatis  Imis  a  basi,  longloribus  a  medio 
florlferis;   glumis  Itevibis  imequalibus,  palea  solitaria  glumas  sequante. 

Totoniho  (Berl.  n.  531). 

Obs. — Differt  ab  A,  pulokella  Kunth  glumis  Isevlbus  non  secus  carinam  acu- 
leato-hispidis,  palea  glumas  sequante." 

A.  chinantla:  Fourn.,  1.  c,  96. 

Culmo  pedali  v.  plus  quam  pedali,  simplici,  foliis  setaceis,  infra  fasclculatis, 
ligula  amplexicauli  proniinente;  panicula  parva  3-4  pollicari,  contractiuscula, 
radiis  partim  a  basl,  partim  a  medio  florlferis;  spiculis  secus  radios  densls; 
glumis  post  anthesim  late  apertis,  flosculo  mutico  solitario,  paulo  breviore  quam 
gluma  superior. 

"Chinantla  (Liebm.  n.  709,  maio)." 
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\A.  setifolia  Foum.,  1.  c,  97. 

**  Culmo  sesquipedali,  graclli ;  foliis  Involutis  subulatis ;  ligula  amplexicauli 
acuta  laeiniata ;  panicula  brevi  depauperata  laxiflora,  radiis  flexuosis  basi  longe 
Dudis;  glumis  aequalibus  acutis;  palea  solitaria  paulo  breviore;  arista  basilar! 
loDga  genlculata  floscalum  duplum  superante. 

•*In  monte  Orizabensi,  lOOOC  (Llebm.  n.  712)." 

There  are  two  specimens  in  the  National  Herbarium — Sierra  de  San  Felipe, 
Oaxaca,  Prlngle  4895 ;  Smith  922. 
*'.4.  ghicMbreghtii  Foum.,  1.  c,  97. 

**Follis  plurimls  rndlcalibus  semipedallbus  setaceis  rlgidis  pungentibus  sicut 
et  culmeis  paucis ;  vagluis  longls ;  ligula  obtusa ;  panicula  decomposita  ovali 
pAtente,  ramis  repetito-verticillatis ;  glumls  subtequalibus  in  carina  clllolatis, 
flosculp  solitario  tertia  parte  breviore  quam  glumas;  arista  e  medio  oriente 
recta,  flosculum  duplum  a^qnante. 

"Oajaca  (Ghiesbreght)." 

Type  specimen  in  herbarium  of  Museum  of  Paris.  It  closely  resembles 
PTingle*s  4895  from  Mexico,  but  the  leaves  are  mostly  basal  rather  than  scattered 
along  the  stem.  Fournier  distinguishes  this  from  A,  setifolia  Fourn.  by  the 
straight  awn,  but  in  the  Paris  specimen  the  awn  is  geniculate.  This  is  prob> 
ably  only  a  form  of  .4.  seti folia  Fourn. 

A.  fasciculata  (H.  B.  K.)  R.  &  S.,  Syst  2:  362.  1817  (Vilfa  fasciculata 
H.  B.  K.,  Nov.  Gen.  1:139.  1815),  is  reported  from  Mexico.  The  type  speci- 
men from  Ecuador  is  in  the  Paris  Museum.     (PI.  XXXVII,  (7.) 
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altissima  Tnckerm 50 

ampla  Hitchc _ _ 38 

nnoniala  WiUd 48 

aphanes  Trin _ .  49 

aquatica  Bnckl 24 

arachnoides  Ell 32 

arenaria  Scribn 31 

aristata  Sincl _ _ 27 

asperifolia  Trin _ 39 

attenuata  Vasey 46 

berlandieri  Fonm _ .  _ _ 58 

borealis  Hartm  . . 52 

bonrgsei  Foum 58 

brevicnlmis  Hitchc 36 

calif  omica  Trin 30 

campyla  Tnckerm 49 

canina  L _  _  _ 51 

.   aenea  Trin _ 52 

aequivalviH  Trin 22 

aXpina  Oakes 53 

Tnelaleuca  Trin _ -   52 

tenellaToTT _ 53 

chinantlfiB  Fonrn _  58 

clavata  Trin _ 42 

coarctata  Ehrh 27 

oonctnna  Tnckerm 53 

comwcopcpi  Fraser _. 47 

dav^i  Scribn 33 
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Agrostis  deeumbens  Mnhl 34 

densiflora  Vasey _.  31 

arenaria  Vasry . 31 

deproBsa  Vasey .- 28 

diegoeiLsis  Vasey __ 35 

dispar  Michx  -.. _.  25 

drummondii  Torr 39 

dulcisBiUh 24 

elataTrin 47,50 

elliottiana  Schult _  _  33 

erecta  Spreng. _ 45 

ezarataTrin 38 

aenea  Griseb _.  53 

dsperifolia  Vasey 39 

Httoralis  Vasey _ 34 

microphyllaWats _  37 

minor  Hook 39 

stolonifera  Vasey _  29 

exiguaThnrb 32 

fasciculata  (H.  B.  K.)  R.  &  S 59 

foliosa  Hortul _ •_ ._  34 

f oliosa  Vasey _._  34 

geminata  Trin 44 

ghiesbreghtii  Foum 59 

glomerata  (Presl)  Kunth 80 

grandis  Trin 39 

halliiVasey 33 

calif  omica  Vasey 47 

pringlei  (Scribn. )  Hitchc 83 

hiemalis  (Walt.)  B.  S.  P... 42 

geminata  (Trin.)  Hitchc 44 

snbrei)ens  Hitchc 44 

hiUebrandii  Thurb _ 23 

howellii  Scribn 41 

humilis  Vasey .  28 

idahoensis  Nash  . .  _ _ 45 

inconspieuuvi  Kunze 53 

inflata  Scribn - . 31 

intermedia  Balb _ 49 

Scribn - 49 

laxa  Schreb - 42 

•  laxiflora  Poir  - 42 

Richards 42 

ccespitosa  Torr. 43 

m^rtensii  Griseb - -  -  53 

montana  Tuckerm 43 

leptos  Stend - - 24 

longilignla  Hitchc - - 54 

maritima  Lam 27 

melaleuca  (Trin. )  Hitchc 51 

mertensii  Trin 53 

michatixii  Trin 42,48 
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I*rtjfre. 

AgroBtis  microphylla  Stend .-  37 

mfijorYaaey 37 

montana  Krock 43 

mueronata  Pred 31, 38 

multiculniis  Vasey -..  35 

Tiana  Knnth ^ 36 

neogcea  Steud 27 

nootkaerutis  Trin 45 

navoe^LnglicB  Tnckerm 49 

Vaaey 53 

nove&orocemrts  Spreng 48 

ntUkaensis  Knnth '. 45 

oociden^aZis  Scribn.  &  Merrill 33 

aregonensis  Nntt 39 

oregonenfidB  Vasey .-.  46 

or eophila  Trm 43,48 

pallens  Trin 34 

foliosa  (Vasey)  Hitchc 34 

paludoaa  Scribn 53 

perennans  (Walt.)  Tnckerm 47 

cestivalia  Vaaey _.  49 

elata  (Pnrsh)  Hitchc 50 

piekeringii  Tnckerm, 53 

rupicola  Tnckerm 53 


polymorpha  Hnds 


07 


vivipara  Trin 27 

pringlei  Scribn 33 

pseucUnntermedia  Farwell 1 49 

repens  Scribn -. 34 

Tosei  Scribn.  &  Merrill 30 

TossaB  Vasey - 40 

rubra  L 52 

am^rtcana  Scribn 53 

rupestria  Gray. - •- 53 

acodra  Willd 42 

tenuis  Tnckerm 43 

scabraia  Nntt - 43 

8C(ibriiutcula  Bnckl _ 43 

schaffneri  Fonm 57 

mntica  Fonrn 57 

schiedeana  Trin - 47 

schweinitzii  Trin .  48 

scouleri  Trin .  39 

scribneriana 'Naah .    ..  49 

sericea  Ell- _ 42 

setif olia  Fonrn -        .  5.s 

stolonif era  L _ .  24 

dulcis  Pers -   .  24 

«/ricto  Willd 27 

sylvatica  L -  -  - 27 

tacnbayensis  Fonm 58 
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Agrostis  tenuiculmis Nash .-  45 

recta  Nash 4o 

tenuifolia  Bieb - 3fl 

tenuia  Sibth 45 

Vasey 45 

erecta  Vasey 45 

thnrberiana  Hitchc 23 

tolncensis  H.  B.  K   -  - 57 

torreyi  Knnth —  44 

Tuckerm - 44 

variabilis  Rydb 41 

varians  Thnill , -. 40 

Trin _ 40 

verticillata  YiW. 24 

virescens  H.  B.  K JW,  57 

microphylla  Scribn _ _ .  37 

virletii  Foum _..  58 

vulgaris  With _.  26 

aZ5a  Vasey 25 

Alopecurus  carolinianns  Spreng 48 

Cornucopice  altissima  Walt    50 

hyemalis  Walt 42 

perennans  Walt - - 47 

Deyeturia  cequivalvis  Benth 23 

alopecuroides  Nntt - 37 

Polypogon  alopecuroides  Buckl 37 

Trichoditim  album  Presl ... 45 

caninum  Schrad - : _ .  51 

clavatum  Schiilt 42 

decunibens  Michx 48 

elatum  Pursh '. 50 

laxiflorum  Michx . .  _ _ 42 

Icuxmm  Schnlt 48 

montannm  Torr 43 

muhlenbergian urn  Schult _ _ .  48 

nanum  Presl 36 

perennarisFll 48 

scabrum  Muhl- 42 

Vilfa  dispar  Beauv 25 

dulcisBe&VLY 24 

fasciculata  H.  B.  K . .    59 

glonierata  Presl 30 
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BESOBIFTION  OF  PLATES. 

In  all  the  plates  the  plants,  panicles,  or  branches  of  panicles  are  drawn  one 
half  natural  size;  the  llgnles  are  enlarged  five  times;  the  spikelets  and  floret 
are  enlarged  ten  times. 

Plate  I.  Fig.  1. — Agrostis  thurberiana  Hitchc.  Type  8i)ecimen,  Suksdorf  102] 
Plant,  ligule,  spikelet.  and  two  views  of  floret,  showing  prolonged  rachilli 
and  the  palet.  Fig.  2. — Agrostls  (pquivalvis  Trin.  Tes  Bay,  Alaska,  Howel 
1712.  A. — Spikelet  and  floret,  from  type  specimen  In  the  Trinius  herba 
rium,  collected  by  Mertens. 

Plate  II.  Agrostis  alba  L.  College  Hill,  Easton,  Pa.,  T.  C.  Porter,  Jnly  2,  1891 
Plant,  ligule,  spikelet,  and  two  views  of  floret;  rootstock  and  stolon  fron 
Macoun  26032  collected  at  Niagara  Falls,  Ontario,  1901. 

Plate  III.  Fig.  1. — Agrostis  alba  vulgaris  (With.)  Thurb.  Apsey  Beach,  Nev 
foundland,  Waghorne  23.  Plant,  ligule,  spikelet,  and  t>vo  views  of  florei 
Fig.  2. — Agrostis  alba  aristata  Gray.  Fort  Preble,  Maine,  Gayle  78( 
Plant,  ligule,  spikelet,  and  two  views  of  floret 

Plate  IV.  Agrostis  alba  maritima  (Lam.)  Meyer.  Nantucket,  Mass.,  Hitcl 
cock  in  1902.    Plant,  ligule,  spikelet,  and  two  views  of  floret 

Plate  V.  Fig.  1. — Agrostis  depressa  Vasey.  Type  specimen,  Colorado,  Pattei 
son  46.  Plant,  ligule,  spikelet,  and  two  views  of  floret  Fig.  2. — Affrosti 
stolonifera  L.  Kerrvllle,  Tex.,  Holler  1742.  Plant,  ligule,  spikelet,  florei 
and  dorsal  view  of  flowering  glume. 

Plate  VI.  Agrostis  depressa  Vasey.    The  Oregon  form  showing  stolons.  Aster! 
Oreg.,  Leckenby  in  1897.    Plant,  ligule,  spikelet,  and  two  views  of  floret 

Plate  VII.  Fig.  1.— Agrostis  inflata  Scribn.  Victoria,  British  Columbia,  M« 
coun  259.  Plant,  ligule,  spikelet  and  two  views  of  floret  A. — Splkelc 
and  two  views  of  floret  from  type  siiecimeu,  Macoun  258.  Fig.  2. — Agrosti 
densiflora  Vasey.  Type  specimen,  Santa  Cruz,  Cal.,  Anderson.  Planl 
ligule,  spikelet  floret,  and  two  flowering  glumes.  One  flowering  glum 
shows  the  mid-nerve  vanishing  about  the  middle  and  the  other  shows  th 
mid-nerve  extending  into  a  thin  awn. 

Plate  VIII.  Fig.  1. — Agrostis  humilis  Vasey.  Type  si^ecimen,  Mount  Adanii 
Washington,  Suksdorf.  Plant,  ligule,  spikelet,  and  two  views  of  flore 
Fig.  2.-^Agrostis  exigua  Thurb.  Type  specimen,  California,  Bolandei 
Plant,  ligule,  spikelet,  and  two  views  of  floret 

I^late  IX.  Fig.  1. — Agrostis  elliottiana  Schult  Collected  by  L.  C.  Johnson  ii 
Mississippi  in  1886.  Plant  (the  spikelets  were  unawned),  ligule,  spikelet 
and  two  views  of  floret;  an  awned  spikelet  from  Reverchon's  No.  3391 
Texas.  Fig.  2. — Agrostis  canina  L.  Delaware,  Commons  99.  Plant,  liguU 
spikelet,  and  two  views  of  floret. 

Plate  X.  Fig.  1. — Agrostis  hallii  californica  Vasey.  Type  specimen,  Bolande 
6103.  Plant,  ligule,  spikelet,  and  t^vo  views  of  floret  Fig.  2. — Agrosti 
hallii  Vasey.  Type  specimen,  Oregon,  Hall.  Plant,  ligule,  spikelet,  ani 
two  views  of  floret. 

Plate  XI.  Agrostis  davyi  Scribn.  Type  si^ecimen,  Davy  and  Blasdale  6063 
Plant,  ligule,  spikelet  and  two  views  of  floret  (in  center).  A. — Spikelet  am 
two  views  of  floret  from  type  specimen  of  Agrostis  occidentalis  Scribn.  i 
Merrill,  Shear  1644. 

Plate  XII.  Agrostis  pringlei  Scribn.  Type  specimen,  California,  Prlngle  li 
1882.    Plant,  ligule,  spikelet,  and  two  views  of  floret 
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lATE  XIII.  Fig.  1. — Agrostis  pallens  Trin.  Oregon,  Howell  in  1882.  Plant, 
ligule,  spikelet,  and  two  views  of  floret.  A. — Spikelet  and  tw^o  views  of 
floret  from  type  specimen  in  the  Trinius  herbarium.  Fig.  2. — Agrostis 
attenuata  Vasey.  Type  specimen,  Howell  210.  Plant,  llgule,  spikelet,  and 
two  views  of  floret. 

lATE  XIV.  Fig.  1. — Agrostis  foliosa  Vasey.  Type  specimen,  Oregon,  Howell,  in 
1881.  Plant  Hgule,  spikelet,  and  two  views  of  floret  Fig.  2. — Agrostis 
oregonensis  Vasey.  Type  siiecimen,  Howell  in  1881.  Plant,  Hgule,  spikelet, 
and  two  views  of  floret 

tATE  XV.  Agrostis  pallens  foliosa  (Vasey)  Hltclic.  Mount  Hood,  Oregon, 
Henderson,  7.  Plant,  iigule,  spikelet,  and  two  views  of  floret  This  is  a 
fonn  with  open,  obiong  panicles  resembling  the  tyiK?  of  A.  foliosa  Vasey,  but 
with  spikelets  awned. 

LATE  XVI.  Fig.  1. — Agrostis  pallens  foliosa  (Vasey)  Hitchc.  Klickitat  County, 
Waish.,  Suksdorf  199.  Plant,  liguIe,  spikelet,  and  two  views  of  floret  A 
common  form  with  narrow  panicle.  Fig  2. — Agrostis  scouleri  Trin.  Type 
specimen t  Nutka  Sound,  Alaska,  Scouler.  Plant  (from  photograph),  spike- 
let, and  two  views  of  floret  This  is  a  portion  of  the  type  from  the  Trinius 
herbarium  deposited  in  the  National  Herbarium. 

Late  XVII.  Agrostis  diegoensis  Vasey.  Type  specimen,  San  Diego,  Cal., 
Orcutt  in  1884.     Plant,  Iigule,  spikelet,  and  two  views  of  floret 

tATE  XVIII.  Agrostis  breviculmis  Hitchc.  Fort  Bragg,  Cal.,  Davy  and  Bias- 
dale  6159.    Plant  Iigule,  spikelet,  and  two  views  of  floret. 

Late  XIX.  Fig.  1. — Agrostis  microphylla  major  Vasey.  Truckee  valley,  Nev.. 
Watson  1284.  Plant  Hgule,  spikelet,  and  two  views  of  floret  Fig.  2. — 
Agrostis  mierophylla  Steud.  Mendocino  County,  Cal.,  Davy  and  Blasdale 
5142.  Plant,  llgule,  spikelet,  and  two  views  of  floret.  A, — Yamhill  (bounty, 
Oreg.,  Shear  1(550.    Panicle. 

"LATE  XX.  Agrostis  ampla  Hitcha  Multnomah  County,  Oreg.,  Suksdorf  135. 
Plant  Hgule,  spikelet  and  two  views  of  floret. 

JLATE  XXI.  Fig.  1. — Agrostis  exarata  Trin.  Specimen  from  the  Trinius  herba- 
rium deposited  in  National  Herbarium ;  Unaiaska,  Kostalsky  in  1829.  Plant, 
llgule,  spikelet  and  two  views  of  floret  Fig.  2. — Agrostis  asperifolia  Trin. 
Type  specimen  from  the  Trinius  herbarium  deposited  in  the  National  Herba- 
rium.   Plant,  spikelet  and  two  views  of  floret. 

tjkTE  XXII.  Agrostis  grandis  Trin.  Sequoia  region,  Cal.,  Hansen  1826.  Plant 
llgule,  spikelet  and  two  views  of  floret.  A  common  large  form  of  A,  exarata 
which  matches  the  type  si)ecimen  in  the  Trinius  herbarium.  A. — Spikelet 
and  two  views  of  floret  from  type  specimen  in  the  Trinius  herbarium  from 
Columbia  region.  Hooker. 

^LATE  XXIII.  Agrostis  exarata  Trin.  Amador  County,  Cal.,  Hansen  613.  Plant, 
Iigule,  spikelet  &n<l  two  views  of  floret.  A  common  form  with  elongated, 
somewhat  oi>en  panicle.  A. — A  panicle  from  plant  collected  Pt  Reno,  Nev., 
by  Tracy,  No.  218.  A  form  with  narrow,  compact,  and  somewhat  glomerate 
panicle. 

*i«ATE  XXIV.  Fig.  1. — Agrostis  rossw  Vasey.  Type  specimen,  Yellowstone  Park, 
Ross  in  1890.  Plant,  Hgule,  spikelet,  and  two  views  of  floret.  Fig.  2. — 
Plant  at  left:  Agrostis  varians  Trin.  Tyi^  specimen  from  the  Trinius 
herbarium  deposited  in  National  Herbarium.  IMant,  Hgule.  spikelet,  and 
two  views  of  floret  Plant  at  right:  A.  variabilis  Rydb.  Wyoming,  Wil- 
liams 2952^. 

•late  XXV.  Agrostis  howellii  Scribn.  Type  specimen,  Hood  River,  Oreg., 
Howell  in  1886.     Plant,  Hgule,  spikelet,  and  two  views  of  floret 

*LATE  XXVI.  Fig.  1,— Agrostis  hicmalis  (Walt)  B.  S.  P.  Bush  554.  Panicle, 
llgule,  spikelet,  and  two  views  of  floret  The  common  eastern  form  with 
very  diffuse  capillary  panicle  and  small  spikelets.  In  this  plant  the  panicle 
is  shown  at  maturity.  Fig.  2. — A  form  with  less  diffuse  panicle,  common  In 
tlie  Rocky  Mountain  regions.  Wyoming,  Nelson  3947.  Plant,  spikelet  and 
two  views  of  floret 


68  NORTH    AMERICAN    SPECIES   OF   AGR08TI8. 

rrj^TE  XXVII.  Types  referred  to  Agrostis  hiemalis  (Walt.)  B.  S.  P.  1.— Tn- 
choilium  album  Presl.  From  Fi)eciuien  in  the  THiiius  herbarium  sent  by 
Presl  ill  1834.  Branch  of  panicle,  spikelet,  and  three  views  of  floret.  2. — 
From  «i)ecimeii  of  Agroatis  clavata  Trin.  in  the  Trinlas  herbarium,  col- 
lected by  Kostalsky  in  1829.  Branch  of  panicle,  spilielet,  and  two  views 
of  floret  3. — From  type  si)ecinjen  of  Trichodium  laxiflorum,  in  Micbaux 
herbarium  in  Museum  of  Paris.  Branch  of  panicle,  splkelet,  and  two 
views  of  floret.  4. — Dwarf  form  of  Agrostis  hiemalitt  from  Newfoundlaiid. 
Waghorne  25.  Plant,  li^ule,  spikelet,  and  two  views  of  floret.  5. — Awiied 
form  of  AgroHtiH  hiemaliH,  White  Mountains,  Hitchcock  in  1902.  Branch  of 
panicle,  spikel€»t,  and  two  views  of  floret. 

Plate  XXVIII.  Fig.  1. — Agrostin  gcminaia  Trin.  Type  specimen  from  the 
Trlnius  herbarium,  collected  in  Unalaska  by  Eschscholtz.  Plant,  llgiile, 
splkelet  and  two  views  of  floret.  Fig.  2. — An  awnless  form,  collected  in 
Alaska  by  Flett  (No.  2014).     Plant,  Hguie,  splkelet,  and  two  views  of  floret. 

Plate  XXIX.  Fig.  1. — Agrostis  idahoensis  Nash.  Duplicate  type.  Heller  3431. 
Plant,  ligule,  splkelet,  and  two  views  of  floret.  Fig.  2. — Agroatis  tenuut 
Vasey.  Type  specimen,  San  Bernardino  Mountains,  Cal.,  Parish  brothers 
1085.     Plant,  ligule,  splkelet,  and  two  views  of  floret. 

Plate  XXX.  Agroatia  acJiiedeana  Trin.  Falcon  valley,  Wash.,  Suksdorf  In 
1886.  Plant,  ligule,  splkelet,  and  two  views  of  floret.  A. — Splkelet  and  two 
views  of  floret  from  Pringle  No.  4485,  collected  in  Mexico. 

Plate  XXXI.  Agroatis  perennana  (Walt.)  Tuckerm.  Washington,  D.  C,  Hitch- 
cock in  1903.  Plant,  ligule,  splkelet,  and  two  views  of  floret.  The  comnioo 
upright  form  of  oi)en  ground.  A, — Agroatia  achweiniizii  Trin.,  from  type 
specimen  in  tlie  Trlnius  herbarium.  B, — Alopeciirua  carolinianua  Spreng^ 
from  specimen  in  the  Trinlus  herbarium  from  Peter,  Lexington,  Ky. 

Plate  XXXII.  Agroatia  perennana  wativalia  Vasey.  Athens,  111.,  Hall  in  1864. 
Type  specimen.  Plant,  ligule,  splkelet,  and  two  views  of  floret.  The  woak 
decuml)ent  form  of  moist,  shady  situations.  A, — From  type  specimen  of 
Agroatia  oreophila  Trin.,  in  the  Trlnius  herbarium,  collected  by  Moser  at 
Bethlehem.  I*a.  B. — From  type  specimen  of 'Trichodium  decumbena  Miohx., 
in  Michaux  herbarium  in  Museum  of  Paris. 

Pijvte  XXXIII.  Agroatia  perennana  elata  (Pursh)  Hitchc.     Egg  Harbor,  N.  J-, 
Vasey  in  1884.     Plant,  li^le,  splkelet,  and  two  views  of  floret    .4. — From 
type  spec'Imen  of  Agroatia  elata  Trin.  in  the  Trlnius  herbarium.     Splkelet 
.  and  two  views  of  floret. 

Plate  XXXIV.  Fig.  1. — Agroatia  borealia  Hartm.  Mount  Washington,  N.  H., 
Faxon  19.  The  common  form  of  the  White  Mountains.  Plant,  ligule. 
splkelet,  and  two  views  of  floret.  Fig.  2. — Agroatia  borealia  Hartm.  Lal>- 
rador,  Allen  22.  A  common  dwarf  form.  Plant,  ligule,  splkelet,  and  two 
views  of  floret. 

Plate  XXXV.  Fig.  1. — Agroatia  mertenaii  Trin.  Type  specimen,  Unalaska, 
Mertens  In  1829,  from  the  Trinlus  herbarium.  Plant,  ligule,  splkelet,  and 
two  views  of  floret.  Fig.  2. — Agroatia  borealia  Hartm.  Sweden ;  collected 
by  01dl)erg.     Plant,  ligule,  sjiikclet,  and  two  views  of  floret. 

Plate  XXXVI.  Flg.l. — Agroatia  aenea  Trin.  Unalaska,  Mertens  in  1829.  Plant 
Fig.  2. — Agroatia  aenea  Trin.  Type  spcH'lmen,  Sitka,  Mertens  in  1829. 
Plant,  splkelet.  and  two  views  of  floret.  Fig.  ^.^Agroatia  longiligula 
Hitchc.  Type  specimen,  Mendocino  County,  Cal.,  Davy  and  Blasdale  6110. 
Plant,  ligule  (with  flg.  2),  splkelet,  and  two  views  of  floret. 

Plate  XXXVII.  Agroatia  tolueenaia  II.  B.  K.  State  of  Mexico,  Mexico,  Pringle 
4219.  Plant,  ligule,  splkelet,  and  two  views  of  floret.  A. — Spilielet  and 
two  views  of  floret  from  type  specimen  of  A.  virletii  Fourn.  B, — Splkelet 
and  two  views  of  floret  from  type  specimen  of  A.  vireacena  H.  B.  K.  C. — 
Splkelet  and  two  vlew^s  of  floret  from  type  specimen  of  Vilfa  faaciculata 
H.  B.  K.,  from  Paris  Mu.seum.  D, — Splkelet  and  two  views  of  floret  from 
type  specimen  of  A.  bourgwi  Fourn. 


y.  U.  S.  D>pl.  al  lk(iicultui*. 


-^ 


'f.=*S5^ 


AaftOSTIS  ALBA  L. 


M,  e>n>u  of  Plinf  InduHri,  U.  5.  D«Iit.  ol  Agricu 


\ll 


\ 


U    1 

Fia   t.— AOBOSTIS  ALBA 


il,  e«.  BuiHU  qI  Piinl  lnduilfy.  U.  S,  0«|rt  of  ignci 


A  1 


AonOSTIS  ALBA  MARITIM*  (Lam.)  Meven. 


AOnoSTIS  DEPRESS*  VaSEV  (OREaON). 


SurMU  <A  Plant  Induilry,  U.  S.  Dvpt  d  At'icultur*. 


FW.  1— AOBOSTB  INFLATA  SCRIBN.     Flfl,  2.— AOROSTIS  OENSIFLOR*  VASEV. 


Bui.  68,  Bur«au  of  Plant  Industfy,  U.  S.  Dept.  of  Agriculture. 


Plate  VIM. 


FlQ.   1 ,— AGROSTIS  HUMiyS  VASEY.     FiQ.  2.— AGftOSTIS  EXIQUA  THURB, 


K,  Buiaau  sf  Pllnl  Indvltnf,  t>.  S.  DifA.  of  Agikulhii. 


^ 


Fn.  1.— AanosTia  elliottiuna  Schult.    Fio.  2.— Aorostib  canina  L 


Bbl.  M,  Buirau  of  Pltnl  Induitr^.  U.  S.  Dipt  ol  Agrici 


— AoROSTis  HAI.LII  CALiPORNic*  Vasey,    Fiq.  2.— Aqrobtis  malum  Vasev, 


of  Plant  liKUnlfy.  U.  S.  Dipt  ol  Agrici 


AonOflTIS  DAVVI  SCFtlBN.  AND  U)  SPIKELET  Of  A.  0CCIDENTAU9  SCRIBN.  ±  MERRILt. 


Bui.  66,  Bureau  of  Plant  Industry.  U.  S.  Oept.  of  Agncutture. 


Plate  XII. 


AQR08TI8  PRINQLEI  SCRIBN. 


Fh3.  1,— Aqrostis  pallenb  Thin.    Fiq.  2.— Aqrostib  attenuata  Vascy. 


Sul    te,  BuriBi  dI  Plinl  Induilrr,  U.  S.  Dspt.  o<  Agiicu 


Fn.  1.— AQROSTIS  FOLIOSA  VASEV.     FU.  2.— AQHOSTIS  OftEQONENSIS  Vasev. 


^  I 


-4 


AOROSTIS  FALLENS  FOLIOSA  (VASEV)   HITCMC.   IAWNED  FORM). 


*j  of  PIvil  Induttiy,  U,  S'  Otpt.  of  Apicultu't. 


9l  PliM  [ndu«ty.  U,  S.  Dtpt.  ol  *('lci 


\/ 


,:^^. 


^"'i 


iiH^ 


AanosTia  diecoenso  Vasey. 


Bui.  6d.  BurMu  of  Plant  Industry,  U.  S.  Dept.  of  Agriculture. 


Plate  XVIII. 


AGR08TI8  BREVICULMIS  HiTCHC. 


A 


Vasev.    Fiq.  2.— Aorostis  microphylla  Steud. 


AOfiOSTIS  AM  PL*  HITCHC. 


fli.    a.  Bu'^mu  o(  Pljnl  Indutt^.  U.  S.  O.-nt   ol  *Eriti 


A 


Fkl  1.— Aqrostis  exarata  Trin.  (Alaskai.    Fig.  2.— Agrostis  asperifolia  Trin. 


Aqrostis  gran  DIB  Trin. 


Plate  XXIII. 


Bui.  68,  Bureau  of  Plant  Industfy,  U.  S.  Dapt.  of  Agricultura. 


Plate  XXIV. 


I 


FlQ.  1.~AQR08TI8  R088>C  VASEY.     Fia  2.— AORO6TIS  VARIAN8  TRIN. 


Bu'   M,  Buiaiu  al  Plinl  InduHry.  U.  S.  Dept.  of  Agno 


AOROaTIS  HOWELLII  SCRIBN. 


B(i).  68,  Bureau  of  Plant  Industry.  U.  S.  D«pt.  of  Agricultur*. 


Plate  XXVI. 


FK3.  1.— AORO6TIS  HIEMALIS  (WaLT.)   B.  S.   P.  (COMMON  FORM).     FlQ.  2.— AQR08TI8 

HIEMALI8  (Mountain  Form). 


r. 


ea,  Bur«u  of  P!«il  Induilty,  U.  S  0«pt.  el  *(rici 


Plate  XXVII. 


TvPES  Referred  to  Agrostib  hiemalis  (Walt.)  B.  S.  P. 


But  et.  BuiHu  at  Flint  InAlttiy.  U.  5.  Olpl.  of  AgnGultuta. 


Plate  XXVtII. 


vV 


rn.  1.~AaRO«TIS  OEMINATA  TRIN.     Flfl.  2.— AOROSTIS  QEMINATA  Trin.  {Awnless  Form). 


(        Bui  ea.  Buiuu  si  PliM  ImhiMiy,  U.  S.  Dwl.  st  AgrieuHun. 


5; 


F<a  1.— Aqrostis  idahoensis  Nash.    Fio.  2— Aqrostis  tenuis  Vasev. 


of  Pilot  Indgnry.  U.  5.  Otpt.  ol  Agncultur*. 


AQflOBTIS  SCHIEDEANA  TRIN. 


AoROSTis  PERENM4KS  (Walt,  i  Tuckerm. 


r,  u.  5  D.pi.ciAg.i« 


Plate  XXXll. 


<• 


^7^ 


^.iuU. 


\ 


Aqrostis  perennans  jCstivalis  Vasev. 


Plate  XXXIII. 


Aqrostis  perennans  elat*  (Pursm)  Hitcmc. 


I  livjuitiy,  U,  S.  Da(>t.  of  Agrici 


/I 


PLATE  XXXIV. 


Plate  XXXV. 


if 


'^ 


/ 


m 


Fn.  1.— Aqrostis  mertensii  Trin.    Fig.  2.— AQRosTia  borealis  Hartm.  (Sweden) 


B.  Buruu  of  PUnt  InduiKy.  U,  S.  Oopl.  ol  Agncu. 


durt'r.  U    S.  D<pt.  OT  Agtic 


Plate  XXXVII. 


Mexican  Species  of  Agrogtis. 


r 


U.  S.  DEPARTMENT  OF  AGRICULTURE 
BURSAn  07  PLANT  imDSTKI— BUlUmK  KO.  69. 

B.  T.  GALLOWAV,  CAitf  of  Bureau. 


AMERICAN  VARIETIES  OF  LETTUCE. 


W.  W.  TRACY,  Jr.,  Assistant,  Variety  Triau, 


BOTANICAL    INVESTIGATIONS    AND    EXPERIMENTS. 


IstuBD  Dbcbmbbb  23,  1904. 


WASHINGTON: 
OOVIRNMENT   PRINTING   OFBICB. 

1904. 


BUREAU  OF  PLANT  INDUSTRY. 

B.  T.  GALLOWAY, 
Pathologist  and  Physiologist^  and  Chief  of  Bureau, 

VEGETABLE  PATHOLOGICAL  AND  PHYSIOLOGICAL  INVESTIGATIONS, 

Albert  F.  Woodb,  Pathologist  and  Physiologist  in  Charge ,  AcUng  Chief  of 

Bureau  in  Absence  of  Chief 

BOTANICAL  INVESTIGATIONS  AND  EXPERIMENTS. 
Frederick  V.  Coville,  Botanist  in  Charge. 

GRASS  AND  FORAGE  PLANT  INVESTIGATIONS. 
W.  J.  Spillman,  Agrostologist  in  Charge, 

POMOLOGICAL  INVESTIGATIONS. 
G.  B.  Brack ett,  PomologiM  in  Charge. 

SEED  AND  PLANT  INTRODUCTION  AND  DISTRIBUTION. 

A.  J.  PiETERS,  Botanist  in  Charge. 

ARLINGTON  EXPERIMENTAL  FARM. 
L.  C.  CoRBETT,  IlortlcuUurist  in  Charge. 

EXPERIMENTAL  GARDENS  AND  GROUNDS. 
E.  M.  Byrnes,  Superintendent. 


J.  E.  Rockwell,  Editor. 
James  E.  Jones,  Chief  Clerk. 


BOTANICAL  INVESTIGATIONS  AND  EXPERIMENTS. 

scientific  staff. 

Frederick  V.  Coville,  Botanist. 

O.  F.  Cook,  Botanist  in  Charge  of  Investigations  in  Tropical  Agriculture. 

Rodney  H.  True,  Physiologist^  Drug  and  Medicinal  Plant  Investigations, 

Lyster  H.  Dewey,  Botanist  in  Charge  of  Investigations  of  Fiber  Plants, 

Edgar  Brown,  Botanist  in  Charge  of  Seed  Laboraiory. 

Carl  S.  Scofield,  Botanist  in  Charge  of  Grain  Grade  Investigations, 

G.  N.  Collins,  Assistant  Botanist^  Tropical  Agriculture. 

A.  C.  Crawford,  Pharmacol ogist^  Poisonous  Plant  Investigations, 

William  E.  S afford,  Assistant  Curator ^  Tropical  Agriculture, 

F.  H.  Hillman,  Assistant  Botanist,  Seed  Herbarium. 

J.  W.  T.  DuvEL,  Assistant,  Seed  Laboratory. 

W.  W.  Tracy,  Jr.,  Assistant,  Variety  Trials. 

W.  F.  Wight,  Assistant,  Geographic  Botany, 

W.  O.  Richtmann,  Pharmacognostical  Expert, 

Alice  Henkel,  Assistant,  Drug  and  Medicinal  Plant  Investigations. 

W.  W.  Stockberger,  Expert,  Drug  and  Medicinal  Plant  Investigations, 


LFITER  OF  TRANSMriTAL. 


U.  S.  Department  of  Agriculture, 

REAU  OF  Plant  Industry, 

Office  of  the  Chief, 
Washingt&fi,  D,  C. ,  Jvly  22,  1901^. 

Sir:  I  have  the  honor  to  transmit  herewith,  and  to  recommend  for 
publication  as  Bulletin  No.  69  of  the  series  of  this  Bureau,  the  accom- 
panying*  manuscript  entitled  ''American  Varieties  of  Lettuce."  This 
paper  was  prepared  by  W.  W.  Tracy,  jr.,  Assistant  in  Botanical 
Investigations  and  Experiments,  and  has  been  submitted  by  the 
Botanist  with  a  view  to  its  publication. 

The  twenty-seven  half-tone  plates  illustrating  the  varieties  are  neces- 
sary to  a  complete  understanding  of  the  text  of  this  bulletin. 
Respectfully, 

B.  T.  Galix)way, 
Chief  of  Bureau, 
Hon.  James  Wilson, 

Secretary  of  AgricuLture. 

3 


PREFACE 


For  an  experimental  horticulturist,  perhaps  no  knowledge  is  more 
fundamental  than  that  of  the  characteristics  of  the  plant  varieties  with 
which  he  is  dealing,  yet  for  most  kinds  of  garden  and  field  vegetables 
it  is  impossible  to  get  this  information  in  authoritative  printed  form. 
There  is  such  looseness  of  nomenclatorial  practice,  and  such  inade- 
quacy of  description  regarding  the  varieties  of  vegetables,  that  growers, 
especially  ownei-s  of  private  gardens,  have  much  difficulty  in  getting 
the  varieties  best  suited  to  their  purposes.  The  lettuce  variety  known 
as  Tennis  Ball  Black-Seeded  is  advertised  by  seedsmen  under  thirty- 
seven  diflferent  names. 

In  Bulletin  No.  21  of  the  Bureau  of  Plant  Industry,  entitled  "List 
of  American  Varieties  of  Vegetables  for  the  Years  1901  and  1902," 
were  given  about  five  thousand  names  of  varieties  of  vegetables  offered 
for  sale  in  those  years  in  American  seed  catalogues.  No  attempt  was 
made  to  say  which  of  these  varieties  were  identical  and  which  were  in 
reality  distinct,  except  where  synonyms  were  given  in  the  catalogues 
themselves.  It  had  already  been  determined,  however,  to  take  up  the 
various  kinds  of  vegetables  one  by  one  and,  after  a  careful  series  of 
trials,  to  publish  the  results,  with  descriptions  and  synonyms.  Lettuce 
is  the  first  vegetable  to  which  this  critical  studj^  has  been  given.  It 
will  be  of  interest,  therefore,  to  record  a  statement  regarding  those 
features  of  the  method  pursued  in  the  investigation  which  are  novel 
as  applied  to  this  class  of  objects. 

The  main  idea  was  to  apply  to  a  horticultural  subject  the  methods 
of  systematic  botany.  The  particular  features  of  this  application  may 
be  itemized  as  follows: 

1.  The  descriptive  tenns  used  have  been  defined  with  precision. 
Where  a  verbal  description  is  insufficient  to  convey  an  exact  idea  of 
form,  such  as  the  degree  of  curliness  of  leaves,  reference  is  made  to 
an  illustration.  When  it  is  desired  to  designate  a  particular  kind  of 
green  color,  reference  is  made  to  a  well-known  variety  of  lettuce  which 
exhibits  that  color. 

2.  In  addition  to  an  outline  of  classification  intended  to  show  the 
relationship  of  the  varieties,  an  artificial  ke}^  has  been  given,  arranged 
on  the  convenient  dichotomous  system  and  making  use  of  the  most 
conspicuous  chai^acters,  by  which  the  identification  of  varieties  is  very 
greatly  facilitated. 
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3.  The  varieties  sufficiently  diflferent  to  be  distinguishable  by  their 
form  have  been  illustrated  from  photographs.  A  picture  of  the  diflfer- 
ences  thus  brought  out  could  be  conveyed  by  no  amount  of  verbal 
description  alone. 

The  groundwork  upon  which  these  botanical  methods  were  applied 
was  that  of  long  experience  and  modern  training  in  horticultural  pro- 
cedure, and  intimate  fan^iliarity  with  the  plants  themselves. 

Tentative  trials  were  made  in  the  years  1897,  1898,  and  1899,  and 
extensive  trials  were  conducted  in  each  of  the  four  years  from  1900  to 
1903.  Altogether  2,984  samples  of  lettuce  seeds  were  secured,  chiefly 
by  purchase  from  seedsmen,  and  grown  in  the  trials.  These  samples 
represented  444  variety  names  recognized  by  American  seedsmen. 
The  trials  were  conducted  under  Mr.  Tracy's  immediate  direction  from 
1897  to  1899,  at  Kensington,  Md.,  and  in  the  succeeding  years  on  the 
Potomac  Flats  at  Washington.  In  addition,  Mr.  Tracy  visited  the 
extensive  trial  grounds  maintained  by  five  large  seed  houses,  as  well  as 
seven  seed  farms  in  California,  where  lettuce  seed  is  grown. 

Mr.  Tracy  concludes  that  of  the  404  varieties  named  in  seedsmen's 
catalogues  107  represent  really  distinct  varieties,  while  the  others  are 
merely  these  same  varieties  under  different  names.  In  adopting  a  sin- 
gle name  for  a  much-named  variety,  the  most  suitable  of  the  trade 
names  has  been  chosen.  No  new  names  have  been  proposed  b}'  the 
author,  even  when  the  best  of  the  trade  names  is  long  and  cumbersome. 

Frederick  V.  Coville, 

Botanht, 

Office  of  Botanical  Investigations  and  Experiments, 

Washington^  D.  C,  June  11^  190J^ 
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AMERICAN  VARIETIES  OF  LETTUCE. 


nrTBODUGTIOH. 

Lettuce  is  our  most  important  sulad  plant  and  one  of  the  most 
varied  of  our  cultiv^ated  vegetables.  In  this  country  alone  it  is  listed 
under  more  than  three  hundred  varietal  names  and  represents  more 
than  a  hundred  really  distinct  varieties.  Being  in  demand  at  all  sea- 
sons of  the  year,  it  is  probably  grown  under  more  varied  outdoor  and 
indoor  conditions  than  any  other  vegetable.  Five  hundred  acres,  pro- 
ducing about  250,000  pounds  of  seed,  are  planted  in  California  every 
year  for  seed  alone.  More  than  8,000  pounds  of  one  variety  have  been 
used  in  a  single  year  by  one  American  seed  house. 

VABIETIBS  AKB  THEIE  DESGBIPTIO   . 

In  order  to  form  a  basis  for  a  classification  and  description  of  Amer- 
ican cultivated  varieties  it  becomes  necessar}'  to  decide  several  questions 
as  to  the  proper  use  of  names  and  the  right  methods  of  work.  The 
following  are  the  methods  and  terms  adopted  by  the  Department  of 
Agriculture  in  conducting  lettuce  trials  and  making  descriptions. 

NOHENCIiATUBJS. 

The  simplification  of  varietal  nomenclature  is  a  work  of  first  impor- 
tance. After  the  distinct  varieties  are  determined  it  becomes  necessary 
to  decide  which  of  the  many  names  applied  by  seedsmen  to  a  particular 
type  shall  be  adopted  as  the  one  by  which  that  type  shall  be  known. 
Generally  the  name  which  was  first  used  should  be  the  one  adopted, 
but  it  is  not  always  practicable  to  do  this  because  that  name  may  have 
^one  out  of  general  use.  Many  of  our  varietal  names  are  so  firmly 
established  that  it  would  be  almost  as  difficult  to  change  a  language  as  to 
change  some  of  those  whose  origins  are  traced  to  a  renaming  of  tyi)es. 
Even  though  it  were  possible  to  decide  which  was  the  name  first  used 
there  would  yet  remain  to  be  determined  whether  the  name  at  the 
present  time  represents  the  same  type  as  when  first  used.     Another 
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type  may  have  been  adopted,  as,  for  example,  an  improved  strain  may 
have  appeared  in  the  type  and  this  may  have  been  given  a  new  name 
and  called  a  new  variety.  In  the  course  of  time  seedsmen  in  receiving 
requests  for  the  old  variety  may  be  led  to  fill  all  their  orders  from  this 
new  strain  instead  of  using  the  original  type.  This  is  what  seems  to 
have  occurred  with  the  Early  Curled  Silesia  lettuce,  so  that  instead  of 
having  the  old  type  we  have  now  the  new  one,  called  Early  Curled 
Simpson,  which  was  developed  from  Early  Curled  Silesia. 

Besides  determming  whether  a  name  is  the  one  first  adopted,  or  the 
one  in  n\ost  general  use  at  the  present  time,  there  needs  to  be  consid- 
ered also  whether  a  name  be  so  similar  to  other  names  as  to  be  oonf  us- 
•ing  and  whether  it  be  a  many-worded  one  which  can  be  shortened  to 
one  more  simple.  In  regard  to  the  latter  question  it  is  a  safe  rule  to 
drop  all  such  words  as  improved,  selected,  perfected,  extra,  select, 
choice,  superior,  celebrated,  fine,  and  true  from  varietal  names,  and 
names  of  persons  in  the  possessive  case  may  often  be  omitted. 

For  the  above  reasons  there  seems,  therefore,  to  be  no  hard  and  fast 
rule  for  the  naming  of  varieties.  In  the  following  lettuce  descriptions 
those  names  included  in  the  list  of  distinct  varieties  have  been 
chosen  to  designate  the  different  types,  and  where  confusing  names 
exist  among  the  list  of  subsidiary  varieties  the  name  which  is  pre- 
ferred has  been  designated  in  some  way. 

EKVIBONMENT  AND  SELECTION. 

The  description  of  cultivated  varieties  becomes  a  particularly  diffi- 
cult matter  because  of  differences  due  to  environment  and  selection. 
All  horticulturists  have  occasion  to  observe  how  color,  shape,  size,  and 
quality  are  affected  by  the  former  and  what  great  differences  there  are 
between  well-selected  and  neglected  stocks.  Our  cultivated  varieties 
are  quite  different  in  this  respect  from  our  native  flora,  and  in  the 
matter  of  selection  our  cultivated  vegetables  which  are  propagated  by 
seed  are  quite  different  from  our  fruit  varieties,  which  are  increased  by 
cuttings.  In  the  latter  case  there  is  simply  a  periodical  multiplication 
of  a  single  original  plant  or  unit;  in  the  former,  a  yearly  aggregation 
of  new  units. 

Too  often  the  ideal  formed  of  a  variety  in  making  selections  is  simply 
a  general  idea  of  a  good  plant  rather  than  strict  adherence  to  certain 
points  of  a  variety  which  may  not  be  attractive  in  some  ways,  but 
which  are  essential  to  its  usefulness  and  value  as  a  distinct  sort.  Thus 
lack  of  thoroughness  in  selection  is  not  so  marked  in  lettuce  as  in 
vegetables  like  corn,  where,  as  a  result  of  careless  selection,  the  varie- 
ties tend  to  run  very  much  together.  Selection  has  the  most  marked 
influence  on  a  variety  when  stocks  are  bred  up  from  single  plants.  The 
variety  is  changed  for  good  or  bad  more  quickly  in  that  way,  but  if  a 
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number  of  plants  are  selected  and  propagated  together  the  checks  on 
one  another  are  very  numerous  and  the  average  run  or  tendency  of 
the  variety  is  generally  maintained,  even  when  the  selections  have  not 
been  well  made. 

SOXJBCE  OF  SEED. 

It  is  very  important  that  the  source  of  seed  be  mentioned  in  all 
variety  descriptions.  This  is  necessary,  not  so  much  to  indicate  the 
various  stocks  handled  bv  different  seedsmen  as  it  is  to  show  whether 
there  be  a  total  difference  in  type.  It  sometimes  happens  that  varie- 
ties are  changed  in  the  seed  store  or  labels  misphiced  in  the  field,  the 
mistake  not  being  discovered  for  several  years  perhaps,  while  in  the 
meantime  the  wrong  seeds  may  not  only  have  been  sent  out  from  the 
store,  but  also  have  been  planted  in  the  field.  All  those  who  have 
worked  on  a  seed  farm  and  know  what  a  great  number  of  stocks  are 
grown  on  such  a  place,  will  realize  how  easily  these  mistakes  may  occur. 
But  the  use  of  the  wrong  type  is  due  not  so  much  to  this  cause  as  it  is 
to  the  confusion  resulting  from  the  similarity  of  many  varietal  names. 
Genenill}',  w^hen  varietal  names  are  similar,  they  refer  to  one  and  the 
same  type,  but  there  are  many  cAses  where  such  is  not  the  fact,  and 
the  seed  grower  or  seedsman  not  knowing  all  these  distinctions  fills 
the  order  from  the  wrong  type. 

Were  the  writer  to  relate  in  the  following  descriptions  all  cases 
where  the  seed  of  a  wrong  variety  has  been  supplied,  or  in  deciding 
upon  the  right  type  were  he  to  give  equal  weight  to  all  samples 
regardless  of  the  reputation  of  the  different  seed  houses  or  their 
ability  to  obtain  the  right  type,  there  would  result  from  such  a  course 
a  confusion  rather  than  a  clearing  up  of  the  subject.  A  record  of 
such  mistakes  would  be  of  little  service  to  the  reader.  It  would  not 
even  illustrate  the  reliability  of  the  different  seed  houses,  for  the  sam- 
ples in  any  particular  case  would  not  be  numerous  enough  to  prove 
anything  along  this  line.  Where  there  is  an  apparent  effort  on  the 
part  of  a  seed  house  to  supply  a  certain  lettuce  t\  pe  for  a  particular 
variety  no  mistakes  have  been  mentioned  in  the  following  descrip- 
tions, but  where  the  wrong  type  is  regularly  supplied  by  a  seedsman 
or  where  there  is  no  effort  to  supply  a  certain  type  for  a  particular 
variety  it  becomes  worthy  of  publication. 

CULTTTRAL  PEGTTLIARITIES. 

Lettuce  is  a  cool-weather  plant  which  succeeds  best  when  grown  in 
the  spring  and  autumn.  It  succumbs  to  frost  and  cold  if  previously 
grown  in  warm  weather,  but  stands  severe  weather  if  gradually  hard- 
eaed  to  it,  so  much  so  that  gardeners  even  as  far  north  as  Long  Island 
sometimes  sow  the  seed  in  September  and  winter  the  plants  over  out- 
doors either  entirely  unprotected  or  with  only  a  slight  covering  of 
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brush.  Under  favorable  conditions  the  seed  sprouts  within  three  or 
four  days,  but  it  may  sometimes  be  greatl}^  delayed.  When  the 
weather  is  dry  or  cold,  seed  planted  in  September  may  not  sprout 
until  the  next  spring.  Self-sown  lettuce  is  common  and  inferior  seed 
is  sometimes  obtained  from  such  crops.  Practically  all  the  seed  used 
in  this  country  is  mised  in  California.  Only  a  very  sniall  part  of  it 
is  imported,  though  perhaps  not  farther  back  than  1880  the  larger 
part  of  it  came  from  abroad,  California  having  first  produced  seed 
about  six  years  previous  to  that  date. 

Lettuce  does  not  readily  cross-fertilize  in  the  field  and  different 
varieties  are  planted  side  by  side  with  little  danger  of  mixture.  The 
plants  are  generally  grown  for  seed  in  the  same  way  as  for  market. 
Sometimes  they  are  left  so  close  together  that  no  heads  are  formed, 
and  this  is  said  to  produce  inferior  seed.  It  requires  from  30  to  fjO 
plants  to  produce  a  pound  of  seed. 

TERMS  USED  IN  DESCRIPTION. 

Lettuce  varies  so  greatly,  whether  grown  under  cover  or  outdoors, 
that  it  becomes  necessary  to  decide  upon  one  or  the  other  condition  for 
making  comparison  of  varieties.  For  purposes  of  description  and  clas- 
sification outdoor-grown  lettuce  is  more  satisfactory  than  greenhouse- 
grown  specimens.  They  show  greater  differences  in  color  and  habit 
than  plants  grown  under  glass,  and  the  following  descriptions  are, 
therefore,  made  from  them.  It  will  sometimes  be  found  difficult  to 
identify  indoor-grown  plants  from  such  descriptions,  and  for  this  rea- 
son it  will  be  necessary  to  bear  constantly  in  mind  that  greenhouse 
lettuce  grows  much  looser,  more  upright  in  habit,  and  is  much  more 
solid  green  in  color  than  lettuce  grown  in  the  open. 

CLASSES. 

Cultivated  lettuce  is  known  technicall}^  to  botanists  as  Ldctnca  sativa 
Linn.  The  species  to  which  this  name  is  given  has  not  been  found  in 
the  wild  state,  and  it  is  generally  supposed  that  it  has  been  derived 
from  Z.  virosa  Linn,  or  Z.  scariola  Linn. 

The  classes  to  be  made  of  lettuce  in  the  following  descriptions  are 
those  recognized  by  most  seedsmen  and  horticultural  writers,  namely, 
the  cos^  distinguished  by  their  upright  habit,  long,  loaf-shaped  heads, 
and  spatulate  leaves;  the  hnttei\  distinguished  by  their  buttery  flavor, 
and  the  crlsj)^  distinguished  by  their  hard,  crisp  texture.  Express 
Cos,  on  Plates  XV  and  XXVI,  Paris  White  Cos,  on  Plate  XIX,  and 
the  five  types  of  leaves  on  Plate  XXVII  are  good  examples  of  the  cos 
class;  California  Cream  Butter,  on  Plate  VIII,  Maximum,  on  Plate  XI, 
Hartford  Bronzed  Head,  on  Plate  XIX,  and  Tennis  Ball  Black-Seeded, 
on  Plate  XXIII,  of  the  butter  class;  while  Green-Fringed,  on  Plate  III, 
Malta,  on  Plate  XII,  White  Star,  on  Plate  XXI,  and  Grand  Rapids,  on 
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Plate  XXV,  show  the  characteristics  of  the  crisp  class.  There  is  no 
difficulty  in  identifying  the  cos  varieties,  but  certain  of  the  crisp  and 
butter  varieties  are  much  alike.  The  latter  are  generall}^  more  deli- 
cateh^  flavored,  softer,  and  more  pliable  in  texture.  The  crisp  vari- 
eties are  coarser  veined  and  larger  ribbed  than  the  butter  sorts  but 
not  more  so  than  the  cos  varieties.  Their  bordere  are  also  more  devel- 
oped than  other  parts  of  the  leaf  and  the  cotyledons  of  the  young 
seedlings  are  generally  longer  than  those  of  the  butter  sorts.  On 
account  of  their  much  developed  borders  they  are  sometimes  called 
frilled  lettuce. 

These  three  classes  of  lettuce  are  each  again  separated  into  two  sub- 
classes. The  cos  are  divided  into  those  which  are  self-closing  or 
comprise  kinds  which  form  well  blanched  heads  without  tying  up,  and 
the  loose-closing^  or  those  open  sorts,  which  will  not  form  well  blanched 
heads  without  tying.  Express  Cos,  on  Plate  XV,  and  Paris  White 
Cos,  on  Plate  XIX,  are  good  examples  of  the  self-closing,  and  Bath 
Cos,  on  Plate  III,  of  the  loose-closing  varieties. 

The  butter  and  crisp  classes  are  sepai*ated  alike  into  cahhage-fieading 
and  bunching^  the  former  referring  to  plants  whose  leaves  overlap  one 
another  in  such  a  smooth,  regular  way  as  to  form  a  head  like  a  cab- 
bage, and  the  latter  to  those  whose  heads  are  open,  clustered,  or 
bunched  in  arrangement,  or  if  overlapping  one  another  at  all  doing  so 
at  the  heart  only,  all  the  outer  or  visible  portions  remaining  more  or 
less  loose  leaved.  Hanson,  on  Plates  1  and  XX,  and  Big  Boston,  on 
Plate  V,  are  good  examples  of  the  cabbage-heading  varieties,  and 
Early  Curled  Simpson,  on  Plate  IV,  Prize  Head,  on  Plate  XXI,  and 
Lancaster,  on  Plate  XIX,  of  the  bunching  varieties.  Under  the  latter 
subclass  are  embraced  all  degrees  of  clustered  growth  from  varieties 
loose  leaved  like  an  endive  and  represented  by  Boston  Curled  and 
Green-Fringed  to  those  densely  bunched  and  represented  by  Black- 
Seeded  Simpson  and  White  Star. 

The  term  "cutting"  has  been  used  by  a  few  writers  in  the  United 
States  and  by  Vilmorin,  of  France,  to  embrace  only  varieties  of  the 
former  mode  of  growth,  but  in  this  country  it  is  generally  made  to 
include  all  bunching  varieties  and  is  used  simply  as  another  name  for 
bunching.  Vilmorin  has  also  classified  lettuces  into  sprhig^  summer^ 
and  minter^  but  such  a  division  has  little  value  in  a  climate  like  ours, 
and  has  never  been  used  in  this  country. 

SIZE. 

Lettuce  varieties  may  be  divided  as  to  size  into  seven  divisions. 
Examples  of  each  are:  Very  small  (White  Forcing,  on  PI.  VI 1),  STrudl 
(Boston  Curled,  on  PI.  VII),  small-medium  (Mignonette,  on  PI.  VII), 
medium  (Reichner,  on  PI.  XVI),  large-medium  (Hubbard's  Market,  on 
PI.  X),  large  (California  Cream  Butter,  on  PI.  VllI),  and  very  large 


14  AMERICAN   VARIETIES    OF   LETTUCE. 

(Hanson,  on  PI.  I).  The  size  of  lettuce  plants  varies  so  much  under 
different  conditions  of  growth  that  it  is  not  possible  to  give  equiva- 
lents of  these  in  figures,  and  they  are  emplo\^ed  only  to  give  an  idea 
of  the  relative  size  of  varieties.  They  are  not  based  wholly  on  either 
weight  or  total  spread  of  plant,  because  some  hard-headed  varieties 
weigh  more  than  larger  but  softer-headed  sorts,  and,  on  the  other  hand, 
a  plant  often  develops  in  height  luther  than  spread. 

MATT7BIT7. 

The  following  terms  may  be  used  in  lettuce  descriptions  to  express 
different  periods  of  maturity :  Very  early  (meaning  plants  requiring 
from  54  to  60  days  to  mature  from  sowing  of  the  seed),  early  (61  to  ^ 
days),  early  intermediate  (67  to  72  days),  intermediate  (73  to  76  days), 
late  intermediate  (77  to  80  days),  late  (81  to  85  days),  very  late  {^^  to  90 
days).  These  figures  are  based  upon  trials  conducted  at  Washington, 
D.  C,  during  the  spring  and  autumn  months.  They  presuppose  a 
quick  germination,  the  plants  appearing  above  the  surface  within  four 
days  after  sowing  the  seed,  and  a  good  continuous  average  growth 
afterwards.  If  grown  during  spring  in  the  Santa  Clara  Valley  of 
California  or  in  other  similar  places,  or  under  unfavorable  conditions, 
or  in  greenhouses  during  winter  when  the  sun  is  not  strong  and  the 
days  are  short,  it  may  require  a  materially  longer  time  to  reach  the 
same  development;  but  if  grown  outdoors  under  similar  conditions  as 
those  obtained  at  Washington  these  figures  will  answer  for  most  parts 
of  our  country.  It  should  be  mentioned  also  that  these  dates  are  based 
upon  the  full  maturity  of  the  plant,  or  to  the  time  when  about  one- 
fourth  of  the  plants  are  at  their  prime.  They  do  not  refer  to  varieties 
when  first  usable,  and  for  this  reason  some  bunching  sorts  like  Prize 
Head  are  not  given  as  early  a  season  as  most  seedsmen  claim  for  them. 

SHOOTING  TO  SEED. 

The  expression  "shooting  to  seed"  is  used  to  denote  the  first  appear- 
ance of  a  seed  stalk.  In  cabbage  varieties  it  is  the  same  as  the  burst- 
ing of  the  head;  in  all  varieties  it  is  when  the  lettuce  first  becomes 
bitter  and  unusable.  W^hen  plants  have  grown  very  poorly  and  in 
inferior  stocks,  the  seed  stalk  sometimes  develops  immediately,  so  that 
no  considerable  head  or  cluster  of  leaves  is  formed.  In  well-grown 
plants  of  the  firm  cabbage-heading  varieties  the  seed  stalk  is  so  tightly 
bound  by  the  overlapping  leaves  that  it  becomes  necessary  to  cut  open 
the  plant  before  the  tender  shoot  can  break  through  the  head.  This 
opening  of  the  leaves  is  very  necessary  where  lettuce  is  grown  for 
seed.  Unless  it  is  done,  the  plant  "heats,"  soon  afterwards  rots,  and 
no  seed  stalk  develops.  The  forcing  varieties  and  most  of  the  extra 
early  and  early  sorts  shoot  to  seed  under  the  least  provocation  when 
grown  outdoors  in  the  ordinary  wa\' ,  and  so  susceptible  are  they  to 
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the  heat  and  strong  sun  of  early  or  middle  summer  that  the}^  are  sel- 
dom successfully  grown  outdoors  unless  forced  or  started  very  early 
and  transplanted.  The  time  at  which  lettuce  varieties  shoot  to  seed 
is  so  variable  and  depends  so  much  upon  conditions  that  it  is  impossi- 
ble to  give  exact  periods  for  the  different  varieties.  Moreover,  a 
variety  can  remain  for  weeks  in  the  autumn  without  shooting  to  seed, 
whereas  if  planted  in  the  spring  the  strong  sun  of  early  summer  comes 
at  the  end  rather  than  the  beginning  of  its  growth  and  forces  the  seed 
stalk  to  develop  within  a  few  days,  while  the  extra  early  sorts  which 
may  have  been  planted  on  the  same  day  will  have  arrived  at  their 
maturity  earlier  in  the  season  when  the  influences  forcing  the  seed  stalk 
to  grow  are  not  so  strong. 

The  terms  used  to  express  diiferences  in  shooting  to  seed  are  as 
follows: 

Yery  quicklAf^  meaning  so  susceptible  to  heat  and  strong  sun  as 
to  be  useless  for  summer  growing.  Such  varieties  are  rarely  success- 
ful outdoors  in  spring,  are  suitable  only  for  forcing  or  indoor  culture, 
and  form  no  head  in  summer  and  very  poor  ones  outdoors  in  spring. 
Examples  are  White  Forcing  and  Emperor  Forcing. 

Quickly^  meaning  so  susceptible  to  heat  and  strong  sun  as  to  form 
very  poor  heads  in  summer  but  sometimes  good  ones  in  spring.  With 
the  exceptions  of  Green-Fringed,  Boston  Curled,  and  Asparagus  Cos, 
the  varieties  included  in  this  division  are  to  be  classed  as  strictl}'^  forc- 
ing sorts.     Examples  are  Tennis  Ball  White-Seeded  and  Hothouse. 

Intennediate^  meaning  quickly  shooting  to  seed  in  summer  if  the 
weather  is  unusually  warm  or  the  sun  unusually  strong.  Because  of 
earliness,  varieties  included  in  this  division  may  be  classed  as  excellent 
spring  and  sometimes  also  as  good  summer  sorts,  there  being  with 
good  culture  and  favjorable  conditions  little  premature  shooting  to 
seed  in  spring  or  early  summer.  Examples  are  Hubbard's  Market 
and  Matador. 

Slow^  meaning  such  resistance  to  sun  and  strong  heat  that  even  in  the 
hottest  weather  of  midsummer  the  plants  can  be  left  for  at  least  five 
(lays  after  maturing  without  danger  of  bursting  their  heads.  Examples 
are  Deacon  and  California  Cream  Butter. 

Veryslow^  meaning  fit  to  use  for  an  unusually  long  time,  even  under 
influences  of  the  strongest  sun  or  most  intense  heat.  Examples  are 
Hanson  and  New  York. 

The  time  at  which  the  different  varieties  developed  seed  stdlks  in  the 
Department  of  Agriculture  trials  is  given  in  the  table  on  page  21. 


In  describing  the  habit  of  a  plant  we  speak  of  it  as  compact  (White 
Forcing,  on  PI.  VII)  when  the  growth  is  confined  to  a  small  compass 
and  the  leaves  are  well  gathered  together.     A  spreading  plant  (Red 
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Besson,  on  -PL  XIII)  is  one  whose  growth  extends  over  much  ground 
and  whose  leaves  grow  so  flatly  outward  that  they  become  well  sepa- 
rated from  the  middle  portion  of  the  plant.  An  upright  growth  is 
not  necessarily  compact,  for  the  middle  or  head  part  of  the  plant  may 
be  very  upright  while  the  outer  leaves  may  grow  very  loosely  out- 
ward and  cover  much  ground. 

Solidity  refers  only  to  the  head  or  middle  jmrt  of  the  plant,  the 
terms  hard^  fi'^'^h  ^oft^  l<H)8e^  and  open  being  used  to  express  the  differ- 
ent degrees  of  this  quality,  Hanson,  Tennis  Ball  Black-Seeded,  Red 
Besson,  Onondaga,  and  Golden  Heart  standing,  respectively,  as  exam- 
ples of  each.     Hard  refers  to  those  cabbage  varieties  which  approach 
a  cabbage  in  solidity.     Firm  refers  to  those  cos  and  softer  leaved  cab- 
bage varieties  which  are  so  distinctly  less  solid  than  a  cabbage  as  to 
bear  little  comparison  with  it  for  solidity  but  still  to  be  regarded  as 
decidedly  solid  for  a  lettuce.     It  includes  also  the. most  solid  and  dense 
varieties  of  the  bunching  sorts  or  those  which  at  their  heart  are  as 
solid  as  the  firm  cabbage  varieties.     Soft  refers  to  those  varieties 
which  are  so  lacking  in  solidity  as  to  be  easily  compressed,  though 
they  have  no  decided  spaces  between  the  leaves  of  the  head  or  cluster. 
Loose  refers  to  those  varieties  which  are  not  only  easily  compressed 
but  have  decided  spaces  between  the  leaves  of  their  head  or  cluster. 
Open  refers  to  those  varieties  of  a  free,  spreading  growth  with  little 
or  no  denser  middle  part.     The  blanching  of  a  lettuce  depends  largely 
upon  its  solidit}",  and  it  is  really  unnecessary  to  describe  both  these 
qualities,  though  it  has  been  done  in  the  following  descriptions  so  as  to 
point  out  these  important  qualities  more  directly. 

Other  important  considerations  in  the  habit  of  a  plant  are  the 
arrangement  of  the  leaves,  whether  regxdar  (Deacon,  on  PI.  X),  irregn- 
Jar  (Speckled  Dutch  Butter,  on  PI.  XVIII),  formal  (Bath  Cos,  on  PI. 
Ill),  or  twisted  (Nansen,  on  PI.  XXII),  or  whether  the  head  leaves 
overlap  one  another  closely  (Deacon,  on  PI.  X),  turn  back  and  twist 
at  their  borders  (Mette's  Forcing,  on  PI.  XIX),  meet  at  their  margins 
only  (Yellow  Winter,  on  PI.  IX),  fold  well  over  one  another  past  the 
middle  of  the  head  (Hanson,  on  PI.  I),  grow  together  uprightly  (Half 
Century,  on  PI.  XVIII)  or  curve  inward  and  overlap  one  another  in  a 
complete  cabbagelike  manner  (Deacon,  on  PI.  X). 

LEAVES. 

The  leaves  of  lettuce  vary  so  much  in  shape,  character,  and  color, 
whether  they  be  from  the  outside  or  center  of  the  plant  or  from 
young,  mature,  seed -producing,  summer,  spring,  or  greenhouse  speci- 
mens, that  it  becomes  necessary  to  decide  upon  one  kind  of  leaf 
for  making  comparisons.  Accordingly,  the  leaves  referred  to  in  the 
following  descriptions  are  always,  except  where  otherwise  noted,  the 
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krgest  leaves  of  prime,  outdoor  plants,  or  those  just  outside  the  head 
or  body  of  a  mature  specimen. 

Shaj>e. — Such  great  variations  exist  in  the  shape  of  lettuce  leaves 
that  but  little  can  be  written  regarding  the  identification  of  varieties 
from  the  shape  of  their  leaves.  They  may  be  either  Irroad  (Deacon, 
on  PL  XXIII)  or  upatulate  (Early  Curled  Simpson,  on  PI.  XXV),  the 
latter  terra  referring  to  varieties  with  leaves  gradually  narrowed  down- 
ward from  a  rounded  summit.  Those  which  curve  inward  are  said  to 
,be  cup-»haped  (Earliest  Cutting,  on  PI.  XXIII).  The  first  early 
leaves  of  most  varieties  are  spatulate.  Some  kinds,  such  as  Early 
Curled  Simpson,  are  of  this  shape  when  mature,  but  the  largest  middle 
leaves  of  mature  plants  of  most  varieties  are  as  broad  a.s  long.  Green- 
house-grown lettuces  are  more  spatulate  leaved  than  outdoor-grown 
specimens,  and  summer-grown  plants  are  longer  leaved  than  spring- 
grown  ones. 

Surface. — A  leaf  is  said  to  be  blistered  when  it  has  small  elevations 
and  depressions  between  its  veins,  and  ommpled  when  such  formations 
are  large  or  consist  of  considerable  folds  and  excessive  developments 
of  its  growth.  Grand  Rapids,  on  Plate  XXV,  and  Denver  Market, 
on  Plate  XXVI,  are  good  examples  of  leaves  which  are  both  blistered ' 
and  crumpled;  Express  Cos,  on  Plate  XXVI,  and  Green-Fringed,  on 
Plate  XXIII,  of  leaves  which  are  blistered  but  not  crumpled,  and 
Asparagus,  on  Plate  XXVII,  of  a  leaf  which  is  neither  blistered  nor 
crumpled.  The  very  yoimg  leaves  of  all  lettuce  varieties  arc  never 
crumpled  and  are  seldom  blistered.  All  varieties  forming  a  head 
show  both  the  crumpled  and  blistered  character  at  the  inner  heart 
leaves,  and  it  is  only  in  the  largest  leaves  just  outside  the  head  of  a 
mature  plant  where  marked  variety  characteristics  in  the  surface  of  a 
leaf  are  found. 

Margin, — The  margin  of  a  leaf  is  the  line  describing  its  contour. 
In  lettuce  it  may  be  entire^  i.  e.,  without  toothing  or  division;  serrate^ 
i.  e.,  having  teeth  pointing  forward;  or  crenate^  i.  e.,  scalloped  by  even, 
rounded  notches.     The  serrate  and  crenate  character  is  sometimes  not 
developed  until  the  plant  is  almost  mature,  and  whenever  the  margin 
is  mentioned  it  is  the  upper  part  which  is  referred  to,  never  the  lower 
portion,  which  is  generally  more  or  less  jagged  and  does  not  show 
much  character.     Deacon  and  Earliest  Cutting,  on  Plate  XXIII,  are 
good  examples  of  leaves  with  entire  margins;  Big  Boston,  on  Plates 
V,  XXII,  and  XXIV,  of  leaves  with  obscurely  crenate  margins,  and 
Hanson,  on  Plates  I,  XXII,  and  XXVI,  of  leaves  with  serrate  margins. 
Border. — The  hmler  of  a  leaf  is  that  portion  of  the  blade  adjacent 
to  the  margin.     In  nearl}^  all  butter  varieties  this  part  is  flat  or  blis- 
tered.    In  nearly  all  crisp  lettuces  it  is  frilled,  by  which  is  meant  that 
the  border  is  much  more  developed  than  other  parts  of  the  leaf  so 
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that  it  forms  sharp  folds.  In  a  few  varieties  of  both  the  crisp  and 
butter  sorts  this  part  of  the  leaf  is  undulate^  by  which  is  meant  that 
the  border  is  somewhat  more  developed  than  other  parts  of  the  leaf, 
so  that  it  becomes  wavy  and  forms  rounded  folds.  The  frilled  and 
undulate  character  is  sometimes  not  developed  until  the  plant  is 
mature,  and  whenever  the  margin  is  mentioned  it  is  the  upper  part  to 
which  reference  is  made,  never  the  lower  portion,  which  is  generally 
flat  and  does  not  show  umch  character.  Lancaster,  on  Plate  XXIV, 
is  a  good  example  of  a  flat  border,  and  Boston  Curled  and  Green- 
Fringed,  on  Plate  XXIII,  of  a  frilled  border.  The  undulate  borders 
are  so  obscure  in  lettuce  plants  that  it  is  difficult  to  illustrate  them, 
but  those  of  Big  Boston,  on  Plates  V,  XXII,  and  XXIV,  White 
Forcing,  on  Plate  VII,  and  Speckled  Dutch  Butter,  on  Plate  XVIII, 
are  perhaps  the  best  examples  which  can  be  given. 

COIiOK. 

There  are  various  differences  in  the  color  of  nearly  all  distinct 
varieties  of  lettuces  which  the  expert  seedsman  makes  use  of  in 
identifying  varieties  in  the  field,  but  which  on  account  of  their  minute- 
ness and  great  variation  under  different  conditions  of  weather  become 
of  little  use  in  written  descriptions.  In  the  following  varieties, 
instead  of  attempting  to  classify  the  different  colors,  all  lettuces  are 
simply  referred  to  as  brown  or  green.  No  attempt  is  made  to  divide 
them,  as  some  writers  have  done,  into  bronze,  red,  pink,  brown,  and 
bronzed  red,  though  a  division  has  been  made  of  the  different  shades 
of  green  and  brown,  as  shown  in  the  following  examples:  Very  light 
green^  Golden  Queen;  light  green^  Tennis  Ball  Black-Seeded;  medium 
green^  Hubbard's  Market;  dark  greeii^  White  Chavigne;  ven^y  dark 
green ^  New  York;  dull  green.  Tennis  Ball  White-Seeded;  glossy  green^ 
Thick  Head  Yellow;  light  l)rov)n^  Matador;  bright  hrow7x^  Prize  Head; 
dark  hnnnn^  Hartford  Bronzed  Head;  very  dark  hrown^  Mignonette; 
dull  hraion^  Brown  Dutch  Black-Seedod. 

It  should  be  borne  in  mind  that  the  color  description  of  these  dif- 
ferent varieties  is  based  upon  outdoor-grown  plants.  Sorts  like 
Onondaga  which  are  almost  solid  brown  out  of  doors  become  almost 
solid  green  when  grown  in  greenhouses. 

SEEDS. 

The  seeds  of  lettuce  varieties  differ  in  color,  size,  and  shape.  Color 
is  the  most  important  qualit}^  and  is  the  only  variation  commonly 
mentioned  in  descriptions.  It  is  referred  to  in  the  following  pages  as 
whitish,  blackish,  or  j^ellowish,  and  the  vseed  of  Red  Winter  Cos  is 
described  as  brownish  in  color.  The  more  common  terms  white,  black, 
yellow,  and  brown  are  not  used  because  these  colors  are  never  very 
decided  and  vary  greatly  with  age  and  with  the  methods  of  harvesting 
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the  8eed.  Those  described  as  blackish  may  have  a  grayish  tinge,  as  in 
Brown  Genoa,  or  a  brownish  cast,  as  in  California  Cream  Butter.  The 
size  of  lettuce  seed  varies  according  to  the  locality  in  which  it  is  grown, 
California  seed  being  especially  large.  The  crisp  sorts  are  generally 
larger  seeded  than  the  butter  varieties.  The  large  crisp  varieties  have 
unusually  large  seeds.  Some  of  the  lettuce  samples  which  have  been 
examined  are  narrower  in  shape  than  others,  a  few  are  very  pointed, 
but  no  uniform  varietal  differences  have  as  yet  been  detec^ted  in  these 
respects  except  that  the  Defiance  variety  is  distinctly  broader  than 
other  sorts. 

SEEBIiXNG  PLANTS. 

The  seedling  plants  of  the  different  lettuce  varieties  show  more  or 
less  variation  in  the  color,  shape,  and  size  of  their  first  seed  leaves, 
and  furnish  an  interesting  stud}'  for  the  botanist.  These  differences 
are,  however,  too  slight  and  unimportant  to  be  mentioned  in  describing 
varieties,  and  they  need  only  be  referred  to  by  giving  a  few  general 
rules  in  regard  to  them.  Perhaps  the  most  important  of  these  is  that 
the  color  of  the  mature  plant  is  more  or  less  clearly  indicated  by  that 
of  the  young  seedling,  especially  if  the  mature  plant  be  brownish. 
When  the  brown  tinge  in  the  young  seedling  is  so  slight  that  it  seems 
impossible  to  say  whether  there  be  an}^  brown  present,  the  seedling 
plant  may  in  that  case  be  cut  off  at  its  stem,  and  if,  after  withering 
i)Omewhat,  the  stem  becomes  colored  where  it  was  cut,  this  seems  to  be, 
so  far  as  has  been  observed,  a  sign  that  the  plant  is  brownish  W'hen 
mature.  If  the  stem  remains  green  after  being  cut,  the  mature  plant 
is  probably  wholly  green  in  color.  The  seedlings  of  the  cos  varieties 
are  known  by  their  very  long  slender  seed  leaves  and  seem  almost  to 
1x3  possessed  of  a  leaf  stem.  The  crisp  varieties  are  uniformly  nar- 
rower leaved  than  the  butter  varieties.  Excepting  in  the  case  of  Malta, 
Giant  Glacier,  and  a  few  others,  they  are  not,  however,  as  long  leaved 
as  the  cos  varieties.  The  seed  leaves  of  the  butter  varieties  are  gen- 
erally more  glossy  green  than  the  crisp  and  cos  sorts. 

VARIETIES    SUITED    TO    DIFFEEENT    CONDITIONS    AND 

EEaUIREMENTS. 

There  are  many  important  fa(*toi*s  >vhich  deternune  the  variety  best 
suited  for  particular  purposes.     Some  of  these  are: 

(1)  Differences  in  noil  and  clhnate, — The  (*os  varieties,  for  example, 
succeed  much  better  in  England  than  in  our  country,  and  everj'where 
market  gardeners  find  that  certain  kinds  are  best  adapted  for  their 
conditions  of  soil  and  climate. 

(2)  The  season  at  which  tlie i>l<^^^tH  are  (jrown, — Some  kinds  succeed 
well  in  the  spring,  but  shoot  to  seed  at  once  in  hot  weather  and  are  of 
little  use  for  summer  planting.     Certain  kinds  are  very  hardy  to  cold, 
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and  wint<5r  i^uccessfully  outdoors  unprotected,  while  other  varieti< 
especially  the  crisp  sorts,  arc  failures  for  this  purpose. 

(3)  Methods  of  (jrmrlng^  whether*  in  grt^enhouse^^  Itotheds^  or  m 
frameH^  and  vdiether  tram^pl anted  into  the  open  ctr  mmn  directly  i7i  ph 
outdoom, — In  field  culture,  where  time  and  space  are  not  so  ini porta 
as  in  greenhouses,  it  is  more  profitable  to  grow  the  large  varieti< 
which  are  much  later  in  season  than  those  commonl}'^  grown  und 
glass. 

(4)  Th^.'  tastes  of  consumers  (rr  the  7*e(purefnents  of  the  marlr^t. 
Some  prefer  the  soft,  delicate-flavored  butter  varieties,  which  a 
used  for  serving  on  the  table  with  dressing;  others  are  more  accc 
tomed  to  the  hard  texture  of  the  crisp  sorts;  while  still  others  thii 
there  is  nothing  superior  to  the  coarse  but  sweet  leaves  of  the  o 
lettuces,  and  a  change  from  one  to  the  other  of  these  diflPere 
tj'pes  is  agreeable  to  most  persons.  In  some  markets  the  light  gTe< 
lettuces  arc  demanded  and  there  is  little  sale  for  brown-colored  sort 
In  our  ea^storn  markets  the  head  lettuces  are  most  in  demand  durii 
winter,  while  in  the  West  the  more  easily  grown  bunching  sorts  of  d 
Grand  Rapids  t\'pe  aie  the  kinds  most  used  for  forcing. 

On  account  of  differences  due  to  the  requirements  mentioned,  it 
impossible  to  select  a  definite  list  of  the  best  varieties.     The  foUowin 
may  be  recommended  as  some  of  the  best  for  the  purposes  named: 

Home  iise, — Deacon,  Hartford  Bronzed  Head,  New  York,  PriJ 
Head,  Mignonette,  Black-Seeded  Simpson,  Paris  White  Cos,  Calif  orn 
Cream  Butter,  Iceberg,  Tennis  Ball  Black-Seeded. 

Market  gardening  outdoors, — Big  Boston,  Tennis  Ball  Black-Seed© 
Black-Seeded  Simpson,  Hanson,  Reichner,  California  Cream  Butte 
Paris  White  Cos,  Manmioth  Black-Seeded  Butter,  Hubbard's  Marke 
White  Chavigne. 

Market  gardening  under  glass. — (xrand  Rapids,  Crumpled-Lea ve< 
Hothouse,  Black-Seeded  Simpson,  Golden  Queen,  Mette's  Forcinj 
White  Star,  Hubbard's  Market,  Tennis  Ball  White-Seeded,  Deti-o 
Market  Gardener's  Forchig. 

Qualitf/, — Half  Century,  Hartford  Bronzed  Head,  Deacon,  Par 
White  Cos,  Mignonette,  New  York,  Tennis  Ball  Black-Seeded,  Cal 
fornia  Creani  Butter,  Hubbard's  Market,  (irolden  Queen. 

Most  largt'ly plantvd  la  order  naniid, — Prize  Head,  Hanson,  Blaol 
Seeded  Simpson,  Tennis  Ball  Black-Seeded,  Big  Boston,  Californi 
Cream  Butter,  Early  Curled  Simpson,  Mammoth  Black-Seeded  Buttei 
Deacon,  (jrand  Rapids. 

Desirable  nrtr  or  llttle-himvn  varieties, — Mette's  Forcing,  ExpreJ 
Cos,  Matador,  C'rumpled-Leaved,  Unrivaled,  White  Chavigne,  Wbil 
Loaf,  Bon  Ton. 
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TABLE  OF  YAEIETIE8. 

The  measurements  and  dates  giv^en  in  the  following  table  are  based 
x>n  trials  conducted  at  Washington,  D.  C,  during  the  spring  and 
ituinn  of  1903.  They  presuppose  both  a  quick  germination,  where 
le  plants  appear  above  the  surface  within  four  days  after  sowing  the 
)ed,  and  a  good  average  growth  afterwards. 


Variety. 
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Variety. 


Golden  Queen 

Golden  Spotted 

Grand  Rapids 

Green  Cos 

Green-Fringed 

Half  Century 

Han.son 

Harbinger 

Hardy  Green  Hammersmith 

Hartford  Bronzed  Head 

Hero 

Hothouse 

Hubbard's  Market 

Iceberg 

Italian  Ice 

Lancaster '. 

Ijarge  Yellow  Market 

I^e'H  Market  Forcing 

Limagne  Cos 

Malta 


Mammoth  Black-Seeded  Butter 

Marblehead  Mammoth 

Matador 

Maximum 

Mette's  Forcing , 

Middletowner 

Mignonette 

Milly 


Mon«e 

Nansen 

New  York 

Oak-Leaved 

Onondaga 

Paris  Sugar 

Paris  White  Cos 

Passion 

Philadelphia  Butter 

Prince  of  Wales  Cos 

Prize  Head 

Red  BcRson 

Red  W  in  ter  Cos 

Reichner 

St.  Louis  Black-Seeded  Forcing 

Shotwell's  Brown  Head 

Shot  well's  Brown  Head  (Bridgeman) 

Silver  Ball 

Speckled  Dutch  Butter 

Sugar  Loaf 

Sutton's  Giant  Cabbage 

Tennis  Ball  Black-S<»eded 

Tennis  Ball  White-Seeded 

Thick  Head  Yellow 


Maturity 
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sowing 

seed. 
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of  seed 
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ing seed. 

Weight  of 
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Inches, 

65 

75 
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Variety. 


TombanDock 

TomThnmb 

Trout 

Typolese 

Unriyialed 

Victoria  Red- Edged 

White  ChAvigne 

White  Forcing 

White  Giant 

White  Loaf 

White-Seeded  Simpsou  . 

White  Star 

White  Siunmer  Cabbage 
Yellow-Seeded  Butter . . . 
Yellow  Winter 


Maturity 
from 

sowing 
seed. 

First  ap- 
pearance 
of  seed 
stalk 
after  sow- 
ing seed. 

Days. 

Weight  of 
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CLASSIFICATIOir  OF  VABIETIES. 


[tp= whitish  seeds,  b=blacki8h  seeds,  t/= yellowish  seeds,  6r=browniNh  seeds.] 


Class  I. — Butter  varieties. 
Subclass    I. — Cabbage-heading  varie- 
ties. 
Color  division    I. — Plants    wholly 
green. 
Advancer  (w). 
All  Seasons  {b). 

Briggs'  Forcing  and  Garden  {w), 
Burpee's  Butter  Head  {w). 
Buttercup  (w). 
Deacon  (w). 
Emperor  Forcing  (w), 
German  Early  Head.  (w). 
Grolden  Queen  (t/-). 
Harbinger  (w). 

Hardy  Green  Hammersmith  {w) . 
Hubbard's  Market  {w). 
Large  Yellow  Market  (w), 
Lee's  Market  Forcing  \w). 
Mam  moth  Black-Seeded  Butter  (b). 
Mette's  Forcing  (w), 
I*^ansen  (w), 
Paris  Sugar  (w), 
Philadelphia  Butter  (v)), 
Reich ner  (w). 
Silver  Ball  (w). 
Tennis  Ball  Black-Seeded  (6). 
Thick  Head  Yellow  («;). 
Tom  Thumb  (6). 
Unrivaled  {w). 
White  Chavigne  {w). 
White  Forcing  (w). 
White  Giant  (6). 
White  Loaf  {w) . 
White  Summer  Cabbage  {w). 
Yellow-Seeded  Butter  (y). 


Class  I. — Butter  varieties — Continued. 
Subclass   I. — Cabbage-heading    varie- 
ties— Continued. 
Color    division    II. — Plants  tinged 
brownish,  larger  part  green. 

Big  Boston  (w). 

Brown  Dutch  Black-Set^ded  (6). 

Brown  Dutch  White- Seeded  (w). 

Brown  Genoa  (6). 

California  Cream  Butter  (6). 

Cold  Frame  White  Cabbage  {w), 

Crumpled-Leaved  {w). 

Defiance  (?/')• 

Emperor  William  (b). 

German  Incomparable  (6). 

Half  Century  (t). 

Hothouse  (w). 

Maximum  (6). 

Milly  (w). 

Passion  (ft). 

St.  Louis  Black-Seeded  Forcing  (ft). 

Shotwell's  Brown  Head  {U). 

Speckled  Dutch  Butter  («•). 

Sutton's  Giant  Cabbage  (y). 

Tennis  Ball  White-Seeded  {w). 

Victoria  Red-Edged ^u). 

Yellow  Winter  (tr). 
Color  division  III. — Plants  brown- 
ish, small  portion  only  greenish. 

Brown  Head  {w). 

Eureka  (y). 

Golden  Spotted  (xr). 

Hartford  Bronzed  Head  {b). 

Hero  (6). 

Matador  {w). 

Red  Besson  (6). 
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Class  I.—  Butter  varieties — Continued. 
Subclass   I.— Cabbage-heading    varie- 
ties— Continued. 
Color  division  III. — Plants  brown- 
ish, small   portion  only  green- 
ish— Continued. 
Shotwell's  Brown  Head  (Bridge- 
man)  (6). 
Sugar  Loaf  {w). 
Trout  {w}. 
Subclass  II. — Bunching  varieties. 
Color   division    I. — Plants   wholly 
green. 
Baltimore  Oak-Leaved  {w). 
Earliest  Cutting  (?/;). 
Golden  Heart  (w) . 
Lancaster  hv). 
Oak-Leaved  (w). 
Color  DIVISION  11. — Plants  brownish. 
Hero  (6). 
Class  II. — Crisp  varieties. 
Subclass    I. — Cabbage-heading  varie- 
ties. 
Color   division    I. — Plants   wholly 
green. 
Blonde  Block  Head  (w). 
Brittle  Ice  (w). 
Dammann's  Ice  {w). 
Denver  Market  (?r). 
Detroit  Market  Gardener's  Forc- 
ing (w). 
Giant  Glacier  (w). 
Golden  Curled  (w). 
Hanson  {w). 
Italian  Ice  {w). 
Malta  (w). 
New  York  («•). 
Coix)R  division  II. — Plants   tinged 
brownish,  large  part  greenish. 
Density  (iv). 
Iceberg  (w). 

Marblehead  Mammoth  (iv), 
Tyrol ese  (w). 
Color  division  III. — Plants  brown- 
ish, small  part  only  greenish. 
Chartier  (w). 
Mignonette  (6). 
Sugar  Loaf  (w). 


Class  II. — Crisp  varieties — Continued. 
Subclass  II. — Bunching  varieties*. 
Color    division    I. — Plants  wholly 
green. 
Black-Seeded  Simpson  (6). 
Bon  Ton  {b).- 
Boston  Curled  (6). 
Chicago  Forcing  (6). 
Detroit  Market  Gardener's  Forc- 
ing (w). 
Golden  Curled  (tv). 
Grand  Rapids  (6). 
Green-Fringed  (w). 
Middletowner  (w), 
Morse  (w)- 

White-Seeded  Simpson  (w). 
White  Star  (w). 
Color  division  II. — Plants  brown- 
ish, small  part  only  greenish. 
American  Gathering  { w) . 
Chartier  (w). 
Onondaga  {w). 
Prize  Head  (w). 
Tomhannock  (w). 
Class  III. — Cos  varieties. 
Subclass  I. — Spatulate-leaved  varieties. 
Heading  division  I.— Self-closing. 
Color  division  I. — Plants  wholly 
green. 
Dwarf  White  Heart  Cos  (w) . 
Express  Cos  («•)• 
Giant  White  Cos  {w). 
Green  Cos  (w). 
Limagne  Cos  («•)• 
Paris  White  Cos  (w). 
Prince  of  Wales  Cos  (tv) . 
Color  division  II. — Plants  brown- 
ish. 
Red  Winter  Cos  (br). 
Heading  division  IL — Loose-closing. 
Bath  Cos  (fe). 
Subclass  II. — Lanceolate-leaved  varie- 
ties. 
Asparagus  (6). 
Subclass  in. — Lobed-leaved  varieties. 
Asparagus  Lobed-Leaved  (6). 


KEY  TO  YABIETIES. 


[Applicable  only  to  outdoor-grown  specimens.] 

1.  Leaves  distinctly  lanceolate A&paragta 

1.  Leaves  spatulate,  oval  to  roundish,  sometimes  lobed,  always  rounded  at 

summit 2 

2.  I^eaves  distinctly  lobed  and  entire 3 

2.  I^eavcs  entire,  serrate,  or  crenate  at  upi>er  part,  sometimes  deeply  cut  at 

base  but  never  distinctly  lobed  in  any  part - 5 

3.  Lobes  terminating  mostly  at  base  of  leaf Lancagkr 

3.  Lobes  terminating  mostly  along  midrib  of  leaf 4 

4.  Seeds  blackish Asparagus  Lobed-Leattd 

4.  Seeds  whitish- BaUimore  Oak-Leaved,  Oak-Leaved 
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5.  Leftves  always  either  spatulate  or  oval  in  shape,  sometimes  blistered  bat 

neither  outside  nor  inner  heart  leaves  ever  crumpled,  these  leaves  always 
straight  and  stiff,  never  thin  and  soft.     Excepting  Asparagus  and  Agpar- 

ngtis  lA)bed'Leared  includes  all  lettuces  commonly  called  cos 6 

5-  Leaves  generally  broad  in  shape,  rarely  long,  never  narrower  than  broadly 
spatulate,  more  or  less  blistered  or  crumpled  or  both,  the  inner  heart 
U^ves  always  crumpled  and  somewhat  soft,  never  decidedly  stiff  and 
flat.  Excepting  the  lobed-leaved  varieties  includes  lettuces  variously 
known  as  crisp,  butter,  cabbaging,  bunching,  and  cutting 9 

6.  Plant  brownish 7 

6.  Plant  wholly  green ,.  8 

7.  Plant  washed  with  dull  brown  and  seeds  blackish Bath  Cos 

7.  Plant  almost  solid  bright  brown  and  seeds  brownish Red  Winter  Cos 

8.  Plant  very  early  and  small  for  a  cos  variety,  early-intermediate  in  season, 

medium  in  size  compared  to  most  butter  and  crisp  varieties Rrjrress  Cos 

8.  Plant  very  late  and  large  compared  to  most  butter  and  crisp  varieties Ihmrf 

White  Heart  Cos,   Giard    White   Cos,    Green   Cos, 
TAmagne  Cos,  Paris  White  Cos,  Prince  of  Wales  Cos 

9.  Leaves  serrate 10 

9.  Leaves  entire  to  crenate 26 

0.  Seeds  blackish ^ 11 

0.  Seeds  Avhitish 14 

1.  Plant  brownish  and  cabbaging Mign&nette 

1.  Plant  wholly  green  and  bunching 12 

2.  Plant  dense  bunching  and  seeds  germinating  readily Black-Seeded 

Simpson,  Bon  Ton 

2.  Plant  loose  bunching  and  seeds  hard  to  germinate 13 

3.  Plant  small,  of  a  very  wild,  coarse  quality  and  flavor;  suitable  only  for 

garnishing Boston  Curled 

3.  Plant  never  smaller  than  medium,  not  delicate  in  quality,  but  generally 

much  liked  and  never  wild  flavored Chicago  Forcing,  Grand  Rapids 

A.  Plant  cabbaging 15 

4.  Plant  bunching 22 

5.  Plant  more  or  less  brownish 16 

5.  Plant  wholly  green 19 

6.  Plant  distinctly  vase-shaped  and  tall,  head  oval  in  shape Sugar  TahiJ 

6.  Plant  not  distinctly  vase-shaped  and  tall,  head  globular 17 

7.  Plant  verj'  small  and  very  early Density 

7.  Plant  large,  or  very  large,  late 18 

8.  Small  part  only  of  plant  brownish Iceberg,  Marblehead  Mammoth,  Tyrolese 

8.  Larger  part  of  plant  brownish Chartier 

9.  Plant  very  dark  green New  York 

9.  Plant  light  green 20 

20.  Parts  of  leaf  margin  crenate Brittle  Ice,  Damniann^s  Ice,  Malta 

20.  All  parts  of  leaf  margins  plainly  serrate,  no  part  crenate  or  entire 21 

21.  Plant  always  very  distinctly  cabbaging Blonde  Block  Head,  Hanson 

21.  Plant  generally  bunching  but  sometimes  cabbaging Detroit  Market  Gardener's 

Forcing,  Golden  Curled 

22.  Plant  very  brownish 23 

22.  Plant  wholly  green 25 

23.  Bunching  when  not  well  grown,  decidedly  cabbage  heading  when  at  its 

best Chartier 

23.  Always  decidedly  bunching 24 
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24.  Plant  treelike  in  appearance  or  with  lai^,  long  stem,  elevating  plant 

high  from  ground Tomhannori 

24.  Plant  not  treelike  in  appearance,  or  at  least  not  elevated  high  from 

ground,  and  stem  not  long American  Gathering,  Onondaga,  Prize  Hend 

25.  Plant  small,  and  although  borders  of  leaves  are  enormously  developed  and 

much  frilled,  their  surfaces  are  quite  smooth  and  never  crumpled  but 
sometimes  sparingly  blistered Green-Fringed 

25.  Plant  medium  to  very  large,  leaves  frilled  at  borders  and  their  surfaces  never 

smooth,  always  more  or  less  blistered  and  crumpled Early  Curled  Sile»a, 

Golden  Curled,  Middletoumer,  Morse,  Whiie-Seeded  Simpson 

26.  Plant  bunching 27 

26.  Plant  cabbage  heading 31 

27.  Seeds  blackish Hero 

27.  Seeds  whitish 28 

28.  Plant  brownish Sugar  Loaj 

28.  Plant  wholly  green 29 

29.  Plant  dense  bunching  and  leaf  margins  crenate yVhiJte  Siar 

29.  Plant  loose  bunching  and  leaf  margins  entire 90 

30.  Leaves  decidedly  cup-shaped  and  quite  smooth Earlieai  CuUing 

30.  1  weaves  never  cup-shaped  norincurve<l,  very  much  blistered  and  crumpled, 

never  smooth Gidden  Heart 

31.  See<is  yellowish 32 

31.  Seeds  whitish  or  blackish 34 

32.  Plant  wholly  green YelUnv-Seeded  BuUer 

32.  Plant  brownish 33 

33.  Plant  largely  green,  brownish  in  spots  or  in  blotches  only.. Sutton^ s  Giant  CaMtage 

33.  Plant  largely  brownish,  little  or  no  green  on  exposed  parte Eureka 

34.  Seeds  blackish 35 

34.  Seeds  whitish 45 

35.  Plant  wholly  green 36 

35.  Plant  more  or  less  brownish 38 

36.  Plant  small-medium,  early,  and  very  dark  green Tom  Thumb 

36.  Plant  medium  in  size  or  larger,  intermediate  or  later  in  season,  and  light 

or  very  light  green 37 

37.  Leaves  very  little  blistered  and  very  thick AU  Se<uom 

37.  Leaves  much  bli><tered  and  thin Mammoth  Black-Seeded  Butter^ 

Tennis  BaU  Black-Seeded,  White  Giant 

38.  Plant  a  deep,  almost  solid  brown 39 

38.  Plant  largely  green  or  sometimes  becoming  dull  greenish  brown,  never 

dark  brown 40 

39.  Plant  large  in  size Red  Besson 

39.  Plant  medium  in  size Hartford  Bronzed  Head,  ShotweWs  Brown  Head 

40.  Plant  spotted  (very  faintly  and' sparingly  in  Half  Century) 41 

40.  Plant  not  spotted 44 

41.  Inner  heart  leaves  spotted Broicn  Genoa,  ShotweWs  Broun  Head  {Bridgeman) 

41.  Inner  heart  leaves  never  spotted 42 

42.  Margins  conspicuously  fringed  with  hairlike  bristles Maximum 

42.  Bristles  at  margin  none  or  very  obscure 43 

43.  Plant  very  dark  green,  sparingly  and  faintly  spotted Half  CetUury 

43.  Plant  dark  green  or  of  medium  green  color,  freely  and  distinctly  spotte<l . . 

California  Cream  BtUter,  Emperor  WiUiam 
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44.  Plant  when  in  prime  marketable  condition  plainly  colored  at  base  of  mid- 
ribs and  stem  of  plant Brmm  Dutch  Black-Seeded 

44.  Plant  when  in  prime  marketable  condition  never  colored  at  ha»e  of  mid- 

ribs nor  stem  of  plant German  IncomparabUy 

Passion,  St.  Louis  Black-Seeded  Forcing 
4o.  Plant  more  or  less  brownish 46 

45.  Plant  wholly  green 55 

46.  Plant  distinctly  spotted 47 

46.  Plant  not  distinctly  spotted;  if  spotted  at  all  very  sparingly  and  faintly  so.        50 

47.  Maiigins  obscurely  crenate  and  borders  undulate Speckled  Dutch  Butter 

47.  Margins  entire  and  borders  flat 48 

48.  Seeds  very  wide  and  plant  mostly  green Defiance 

48.  Seeds  average  in  width  and  plant  mostly  brownish 49 

49.  Spots  large  and  well  separated Golden  Spotted 

49.  Spots  fine  and  close  together Trout 

50.  Plant  largely  brownish 51 

50.  Plant  largely  green,  brownish  only  in  places  or  spots 52 

51.  Plant  late  and  very  spreading Brown  Head 

51.  Plant  early  and  compact Afatador 

52.  Leaves  obscurely  crenate  at  margins  and  undulate  at  Iwrdera 53 

52.  Jjeavea  entire  at  margins  and  flat  at  lx)rderH 54 

53,  Planted  indoors  only,  a  strictly  forcing  sort Cmmpled-Jjeared 

53,  Sometimes  planted  indoors,  but  more  largely  planted  outdoors Big  Boston 

54.  Large-medium  in  size  and  not  suitable  for  forcing Broum  Dutch  White-Seeded 

54.  Small-medium  in  size  and  suitable  for  forcing Cold  Frame  White  Cabbage^ 

Hothouse,  Milly,  Victoria  Red- Edged,  Tennis  Ball  White-Seeded,  Yellow  Winter 

55.  Plant  of  the  crisp  class,  margins  obscurely  crenate Italian  Ice 

55.  Plant  of  the  butter  class,  margins  obscurely  crenate  or  entire 56 

56.  Margins  obscurely  crenate  and  borders  undulate 57 

56.  Margins  entire  and  borders  flat 58 

57.  Plant  laige  and  late-intermediate  in  season Vnrivaled 

57.  Plant  small-medium  or  smaller  and  early  or  very  early  in  season German 

Early  Head,  Golden  Queen,  />€*«  Market  Forcing,  White  Forcing 

58.  Plant  dark  green White  Chavigne 

58.  Plant  not  darker  than  medium  green 59 

59.  Plant  golden  green,  the  lightest  green  in  color  of  any  lettuce Buttercup 

59.  Plant  often  very  light  green,  but  never  decidedly  golden^reen 60 

60.  Heads  decidedly  long  when  first  forming  and  leaves  very  thick.  ..Asiatic,  Deacon 

60.  Heads  generally  globular,  sometimes  long,  but  leaves  of  such  plants  never 

thicker  than  medium 61 

61.  Plants  suitable  for  forcing Advancer, 

Briggs*  Forcing  and  Garden,  Emj>eror  Forcing,  Harbinger,  Hvh' 
bard's  Market,  Lee^s  Market  Forcing,  Nansen,  Philadelphia 
BuUer,  Reichner,  Silver  Ball,  White  IakiJ,  White  Summer  Cabbage 

61.  Plant  not  suitable  for  forcing 62 

62.  Leaves  stiff  and  of  poor  quality,  plant  not  suited  for  summer  growing Hardy 

Green  Hammersmith 
62.  Leaves   soft    rather    than  stiff,   goo<l  quality,   and  succeeding  well    in 

summer Burpee^ s  Butter  Head,   Large    Yellow 

Market^  Paris  Sugar,  Thick  Head  Yellow 
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BE8CEIPTI0N  OF  VAEIETIES  CLASSED  AS  DISTINCT. 

Vegetable  varieties  may  be  considered  for  convenience  in  classiticii' 
tion  and  description  as  either  distinct  or  subsidiary.  The  former  class 
includes  those  representing  the  different  types  or  kinds  which  can  be 
identified  from  one  another  because  of  more  or  less  well  defined  and 
distinct  characters.  The  latter  is  made  up  of  renamed  or  so-called 
varieties  which  are  plainly  identical  with  the  distinct  sorts  or  are  simply 
superior  or  deterioi*ated  strains  of  them,  or,  if  of  distinct  origin,  are  so 
much  like  the  distinct  varieties  as  to  be  practically  identical  with  and 
indistinguishable  from  them. 

The  following  list  is  supposed  to  include  all  the  really  distinct  varie- 
ties sold  to-day  by  American  seedsmen.  The  figures  following  the 
varietv  name  indicate  the  immber  of  seedsmen  who  mention  that  name 
in  their  lists  of  varieties  for  the  year  1903.  The  seedsmen  mentioned 
after  the  figures  are  those  from  whom  the  seed  was  obtained,  and  upon 
these  samples  the  descriptions  are  largely  based.  Besides  these  tests  the 
writer  has  examined  the  lettuce  fields  and  trial  grounds  of  our  princi- 
pal seedsmen  and  based  his  descriptions  also  upon  the  correspondence 
and  conversations  which  he  has  had  with  American  seed  growers  and 
dealers.  An  effort  has  been  made  to  give  the  exact  standing  of  all  the 
varieties  tested.  It  is,  however,  impossible  to  do  this  in  every  case, 
and  the  list  of  synonyms  which  is  here  included  is  not  given  as  an  abso- 
lute one.  The  sorts  named  appeared  identical  at  Washington  and  in 
other  places  where  the  writer  has  observed  them,  but  a  few  of  the 
varieties  named  may  prove  to  be  distinct  in  some  other  soils  and  under 
other  conditions. 

ADVANCEB. 

Listed  by  one  seedsman.     Seeds  tested:  Michell,  1901-1903. 

Comparison. — Little  known  or  planted.  Same  general  character  and  usefulness  as 
Hubbard's  Market  and  Hanson  and  possibly  identical  with  one  of  them,  but  further 
trials  are  necessary  l>efore  this  can  be  definitely  determined. 

History. — Named  and  introduced  in  this  country  in  1901  by  Henry  F.  Michell,  who 
writes  that  the  variety  was  obtained  from  F.  Spittel,  Arnstadt,  Germany. 

ALL  SEASONS. 

Listed  by  eight  seedsmen.    Seeds  tested:  Vaughan,  1899-1903. 

Description. — A  decide<ily  butter  variety,  strictly  cabbage-heading,  large,  late- 
intermediate  in  season,  slow  to  shoot  to  seed,  young  plant  very  spreading,  regular  in 
growth,  its  leaves  very  straight  and  extending  flatly  over  the  ground.  Mature  plant 
fairly  compac^t.  Head  elongated  when  first  forming,  but  flattened  or  sometime:^ 
globular  when  fully  developed,  fairly  firm,  well  defined,  extremely  well  blanched, 
its  leaves  very  completely  but  loosely  overlapping  one  another,  but  outer  ones  of 
plant  well  separated  from  the  head  proi)er,  the  latter  thereby  left  very  bare  or 
exposed.  T^ieaves  broad  in  shape,  peculiarly  smooth,  very  little  blistered,  crumpled, 
or  twisted,  unusually  thick  in  api>earance,  but  soft  and  limp  rather  than  stiff; 
margins  entire  and  fringed  with  hair-like  bristles;  borders  flat  Color  characteristic 
light  grayish  green,  never  spotted  nor  brownish  in  any  part.     Quality  excellent; 
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sweet,  decidedly  buttery,  and  with  thick,  soft  leaves  of  much  substance.  Seeds 
very  blackish. 

Oymparmm. — Scarce  and  little  planted.  A  valuable  new  variety  of  the  same 
general  character  and  usefulness  as  the  well-known  Deacon,  differing  principally  in 
being  a  little  laiiger  and  later  and  may  in  some  gardens  prove  a  more  satisfactory 
variety.  Highly  recommended  for  trial  wherever  Deacon  is  successful.  The  variety 
is  also  similar  to  Asiatic,  and  next  to  these  two  sorts  perhaps  most  like  Reichner  and 
Silver  Ball.    It  is  readily  identified  by  its  bristled  margins  and  blackish  seeds. 

Synonym. — Vaughan's  All  Seasons. 

jri«fori/. —Named  and  introduced  into  this  country  in  1897  by  J.  C.  Vaughan,  who 
states  that  the  variety  was  imported  from  France  about  ten  years  ago  under  the 
name  of  Denaiff. 

lUuMralions, — ^A  young  plant  of  the  variety  is  shown  on  Plate  XXII.  Other  views 
which  answer  to  illustrate  the  type  fairly  well  are  shown  by  Deacon,  on  Plates  X 
and  XXIII.  The  longitudinal  section  of  Matador,  on  Plate  XX,  illustrates  the 
solidity  of  the  heads. 

AMEBICAN  GATHEBING. 

Listed  by  fourteen  seedsmen.  Seeds  tested:  Landreth,  1900-1901;  Rawson,  1901; 
Thorbum,  1901-1903. 

Description. — A  decidedly  crisp  variety,  strictly  bunching,  large,  early  marketable, 
but  late-intermediate  in  its  fullest  development,  slow  to  shoot  to  seed.  Plant  very 
spreading,  of  unusually  low  growth,  and  consisting  of  a  loose,  flattened,  or  slightly 
rounded  cluster  of  leaves,  always  more  or  less  opened  or  spread  out  at  the  center,  and 
therefore  never  in  the  least  cabbage-like  nor  heading,  though,  nevertheless,  the  inner 
part  of  the  plant  is  well  blanched.  Leaves  short  spatulate  in  shape,  excessively  blis- 
terwl  and  crmnpled,  very  little  twisted,  fairly  rigid,  but  not  stiff;  finely  serrate  at 
at  niai>nnB,  excessively  developed,  much  frilled  at  borders.  Color  bright  brown, 
varying  to  bright  green  in  less  exposed  parts  and  center  of  plant;  borders  of  leaves 
no  more  colored  than  other  parts,  while  stem  of  plant,  Iwwe  of  midribs,  and  inner 
heart  leaves  are  wholly  green;  no  part  of  plant  distinctly  spotted.  Quality  good; 
sweet  in  flavor,  very  tender  and  crisp  in  texture,  but  leaf  thin  and  lacking  substance. 
Seeds  large,  whitish. 

Comparison. — One  of  the  lesser  grown  sorts.  Usefulnens  and  value  same  as  Prize 
Head,  and  not  suflBciently  different  from  that  well-known  sort  to  be  a  very  important 
variety.  It  differs  in  being  slightly  lower  growing,  more  blistered  and  crumpled  in 
the  leaves,  and  more  brownish  in  color. 

Synonym. — Prize  Head  is  often  used  in  filling  orders  for  this  variety. 

HiMonj. — Apparently  of  American  origin,  and  known  in  this  country  for  at  least 
twenty- five  years. 

Illnidraiinnn. — A  mature  pla'it  of  the  variety  is  shown  on  Plate  IV.  Other  views 
which  answer  to  illustrate  the  type  fairly  well  are  Hanson,  on  Plates  XXII  and 
XXVI,  and  Prize  Head,  on  Plate  XX  I.  The  leaf  of  the  variety,  however,  is  con- 
siderably more  crumpled  than  sliown  on  Plate  XXVI,  or  somewhat  approaches 
that  of  Grand  Rapids,  on  Plate  XXV. 

ASLA.TIC. 

Listed  by  one  seedsman.    Seeds  tested:  Dallwig,  1900-1903. 

DeitcriptUm. — Excepting  lai^e  in  size  and  late-intermediate  in  season,  the  description 
is  the  same  as  given  of  Deacon. 

Comparison. — Scarce  and  rately  planted.  Usefulness  and  value  similar  to  Deacon. 
At  Washington  not  so  reliable  a  header,  and,  excepting  for  being  little  larger  in  size 
and  later  in  eeason,  not  sufiiciently  different  from  that  variety  to  become  an  impor* 
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tant  lettuce,  although  under  some  exceptional  conditions  it  may  prove  more  satisfac- 
tory than  Deacon.  The  two  varieties  are  sometimes  identified  hy  differences  in  color 
or  in  the  shape  of  the  heads.    Asiatic  is  similar  also  to  All  Seasons. 

History. — Apparently  first  listed  in  1893  by  W.  E.  Dallwig,  who  writes  that  the  seed 
was  obtained  from  Germany. 

Illustrations. — The  general  character  of  the  variety  is  shown  by  Deacon,  on  Platea 
X  and  XXIII,  and  All  Seasons,  on  Plate  XXII.  The  solidity  of  the  heads  is  illus- 
trated by  Mette's  Forcing,  on  Plate  XIX. 

ASPAKAGUS. 

Listed  by  five  seedsmen.  Seeds  tested:  Alneer,  1902;  Buckbee,  1901-1902;  Childs, 
1899-1900;  Ewing,  1901;  Graham,  1902;  Simmers,  1901-1902. 

Description. — A  peculiar  cos  sort,  wholly  different  from  other  cultivated  variedes^ 
and  more  resembling  a  chicory  than  a  lettuce  plant.  Medium  in  size,  early-inter- 
mediate in  season,  shoots  to  seed  quickly,  wilts  very  soon  after  being  pulled.  Plant 
compact,  composed  of  many  lanceolate,  erect,  straight-growing  leaves  forming  a 
long  pointed  cluster,  yet  more  or  less  open  at  the  center,  or  at  least  the  leaves  never 
close  enough  to  blanch  to  any  extent.  Leaves  wholly  smooth,  never  in  the  least 
blistered,  crumpled,  nor  twisted,  entire  at  the  upper  margins,  sometimes  serrate  at 
lower  parts,  flat  at  the  borders,  fairly  thick  and  stiff,  though  a  few  of  the  outer  leaves 
weak  or  wilting  and  falling  away  limply  from  the  plant.  Midrib  of  leaf  very  hard, 
large,  and  prominent.  Color  very  dark  green,  never  spotted  nor  brownish  in  any 
part.  Quality  very  poor;  tough  and  hard  in  texture  and  of  a  rank,  wild  flavor, 
excepting  the  midrib,  which,  if  used  at  the  proper  stage,  is  very  brittle,  sweet,  and 
of  a  peculiar  flavor  and  texture.    Seeds  blackish. 

Comparison. — Scarce  and  rarely  planted.  Its  leaves  are  said  to  be  cooked  and 
served  like  asparagus,  but  the  writer  doubts  whether  such  a  use  of  them  can  be  recom- 
mended. The  midribs,  being  hard  and  less  hollow  and  pithy  than  other  sorts,  make 
a  more  satisfactory  dish  to  serve  like  celery  than  other  varieties.  However,  for  this 
purpose  it  is  suitable  for  a  few  days  only,  as  the  leaves  soon  become  bitter  when  the 
Aveather  is  at  all  warm  or  the  conditions  the  least  unfavorable  for  its  growth.  Not 
recommended  except  to  amateurs  in  an  experimental  way  for  the  purpose  named. 

ITistory. — Listed  by  a  dozen  or  more  American  seedsmen  about  eight  years  ago, 
and  described  at  that  time  as  a  new  variety  of  French  origin. 

lUustrations.—See  Plates  XIV  and  XXVII. 

ASPARAGUS  LOBED-LEAVED. 

Listed  by  one  seedsman.     Seeds  tested:  Ewing,  1902-1903. 

Description. — Clsu^sed  with  the  cos  varieties,  but  really  as  much  bunching  in  habit  as 
cos-like.  I-Arge,  late-intermediate  in  season,  and  shooting  to  seed  at  an  intermediate 
date.  Plant  very  spreading,  occupying  much  space,  vase-shaped  in  form,  with  a 
depressed  or  unfilled  center,  the  leaves  growing  very  straight,  regular,  and  never 
close  enough  for  blanching  to  any  extent.  Leaves  long  and  narrow  in  form,  rounded 
at  toj),  deeply  lobed  from  top  to  bottom,  like  an  oak  leaf,  the  lower  part  sometimes 
separated  into  large  divisions.  Surface  very  sinooth  or  occasionally  slightly  blistered, 
leaves  never  in  the  least  crumpled  nor  twisted,  but  rather  flat,  stiff,  and  thick,  and 
with  a  large  protruding  midrib;  margins  entire  and  borders  flat.  Ck)lor  very  dark 
green,  never  spotted  nor  brownish  in  any  part.  Quality  very  poor;  tough  and  hard 
in  texture,  and  of  a  rank,  wild  flavor,  excepting  the  midrib,  which,  if  used  at  the 
proper  stage,  is  very  brittle,  sweet,  and  of  a  peculiar  flavor  and  texture.  Seeds 
blackish. 

Comparison. — Scarce  and  rarely  planted.     Suitable  for  the  same  purpose  as  Aspara- 
gus and  possessing  the  same  faults  but  in  a  less  degree.    Larger,  later,  slower  to  shoot 
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to  seed,  furnishiDg  a  ^reat  many  more  leaves,  and  probably  better  in  every  way  than 
that  variety,  but  it  can  not  be  recommended  except  to  amateuTB  in  an  experimental 
wav. 

Hilary. — First  introduced  in  America  in  1900  by  William  Ewing  &  Co.  under  the 
name  of  New  Asparagus.  It  must  not  be  confused  with  New  Asparagus  listed  by 
other  seedsmen,  which  is  a  lanceolate-leaved  variety. 

iautiraHan8.—See  Plates  XIII  and  XXV^I. 

BAIiTTHOBE    OAK-LEAVED. 

Listed  by  three  seedsmen.  Seeds  tested:  Burpee,  1902;  Griffith  A  Turner,  1903; 
Johnson  &  Stokes,  1899,  1900,  1903. 

Description. — A  butter  variety,  strictly  bunching,  medium  in  size,  early-interme- 
diate in  season,  extremely  slow  to  shoot  to  seed.  Plant  growing  very  close  to  the 
ground  and  consisting  of  alow,  very  well  rounded,  symmetrical,  remarkably  compact, 
firm  cluster  of  leaves  neither  opened  nor  spread  out  at  its  center  nor  heading  in  habit, 
though  inner  part  becomes  fairly  well  blanched.  Leaves  very  much  twipte<i  together 
in  the  head,  broad,  deeply,  lobed,  like  an  oak  leaf,  especially  the  inner  and  larger 
leaves,  these  being  sometimes  almost  divided  and  the  lobes  so  excessively  developed 
as  to  make  the  leaf  appear  like  several  grown  together.  Leaves  smooth,  thick,  stiff, 
entire  at  margins,  fiat  at  the  borders,  and  generally  with  distinct  glands  near  the  base 
of  outer  part  of  the  midribs,  one  on  each  side.  Color  very  bright  green,  never  spot- 
ted nor  brownish  in  any  part.  Quality  poor;  hard  in  texture,  and  decidedly  lacking 
in  flavor,  sweetness,  and  delicacy.    Seeds  whitish. 

Comjrxirison. — Very  little  planted.  Best  known  around  Baltimore,  Washington, 
Philadelphia,  and  in  the  South.  A  very  novel,  beautiful  golden-green  lettuce  of  fine 
form,  and  valuable  because  remarkably  slow  to  shoot  to  seed  and  making  attractive 
heads  during  the  hottest  summer  weather,  no  other  variety  probably  growing  so  well 
at  this  time  of  the  year.  In  quality  one  of  the  poorest  of  all  varieties,  and  therefore 
not  recommended  for  home  use.  Not  used  for  forcing.  l)ecidedly  more  compact 
and  attractive  and  a  better  lettuce  in  every  w^ay  than  the  old  form  known  as  Oak- 
Leaved.  It  is  more  like  that  variety  than  any  other,  and  next  most  like  Lancaster. 
These  three  varieties  are  very  different  from  other  kinds,  and  are  peculiar  for  the 
glands  present  at  the  base  of  their  leaves. 

Synani/ms, — None  have  so  far  been  identified.  The  sorts  known  as  American  Oak- 
Leaved  and  Southern  Blunt  Point  Oak-Leaved  have,  however,  not  yet  been  tested 
by  the  writer. 

Histort/. — No  infonnation  in  regard  to  the  history  of  this  variety  has  yet  been 
obtained  excepting  only  that  Griffith  &  Turner  listed  the  variety  in  1895. 

lUufUrations. — The  variety  is  shown  on  Plates  XV  and  XXIV.  The  genera^  char- 
acter of  the  cross  section  is  illustrated  by  Lancaster  on  Plate  XIX. 

BATH  COS. 

Listed  by  three  seedsmen.    Seeds  tested:  Gregory,  1899;  Rawson,  1901-1903. 

Description. — A  typical  cos  variety  of  the  open  kind,  large  in  comparison  to  either 
the  crisp  or  butter  sortie,  but  only  large-medium  for  this  group.  Very  late  in  season 
and  slow  to  shoot  to  seed.  Young  plant  extremely  regular  or  formal  in  growth, 
fairly  spreading,  its  leaves  many  and  extending  almost  flatly  over  the  ground. 
Mature  plant  of  a  straight,  upright-growing  habit,  but  with  many  outer  spreading 
leaves  and  therefore  never  really  compact,  though  its  innermost  leaves  form  a  well 
defined,  loaf-shaped,  fairly  well  blanched,  soft  head,  and  close  loosely  toward  one 
another,  their  upper  parts  meeting  at  the  margins  instead  of  overlapping  one  another 
at  the  top  of  the  head.  Leaves  oval  to  slightly  spatulate,  truncate,  very  smooth, 
never  blistered,  crumpled,  nor  twisted,  very  straight  and  flat  in  growth,  even  the 
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inner  head  leaves  but  slightly  spoon-shaped;  margins  shallow  serrate;  borders  finely 
frilled.  Color  dull  greenish  brown  and  very  even  throughout,  that  is,  never  colored 
unevenly  in  definite  areas  or  blotches,  excepting  border  more  colored  than  other 
parts,  but  even  this  part  marked  by  no  sharp  colored  edge.  No  part  of  plant  dis- 
tinctly spotted,  stem  of  plant,  however,  and  midribs  of  leaves  to  their  verj-  base 
plainly  colored;  inner  head  leaves  wholly  green.  Quality  fair;  sweet  in  flavor,  hard 
but  not  coarse  in  texture.    Seeds  blackish. 

Comparison. — Popular  in  Europe,  but  little  known  and  rarely  planted  in  this 
country.  A  poor  sort  at  Washington,  generally  open-growing  in  habit  and  forming 
no  head.  Too  late,  spreading,  and  unattractive  for  use  when  other  sorts  like  Paris 
White  Cos  succeed  so  much  better.  Wholly  different  in  habit  and  usefulness  from 
any  other  American  variety.  The  color,  which  is  a  dull  brown,  is  somewhat  similar 
to  that  of  Brown  Dutch  Black-Seeded. 

Higtory. — A  well-known  European  sort  and  sold  in  the  United  States  for  at  least 
forty  years. 

lUugtrations. — A  mature  and  somewhat  imperfectly  developed  plant  of  the  variety 
is  shown  on  Plate  III.  This  illustrates,  nevertheless,  about  the  way  the  variety 
generally  grows  in  this  country,  though  when  given  just  the  right  conditions  it  will 
grow  decidedly  taller  and  closer.    A  leaf  of  the  variety  is  shown  on  Plate  XXVIL 

BIG  BOSTON. 

Listed  by  one  hundred  and  forty-nine  seedsmen .  Seeds  tested :  Buist,  1901 ;  Burpee, 
1901;  Burwell,  1900;  Ferry,  1900,  1901;  Grifiith  &  Turner,  1901;  Henderson,  1900, 
1901;  Landreth,  1899,  1901;  Thorburn,  1899,  1901,  1903. 

Description. — A  fairly  butter  variety,  strictly  cabbage-heading,  large,  late-interme- 
diate in  season,  slow  to  shoot  to  seed.  Young  plant  with  leaves  very  upright  and 
twisted,  often  appearing  like  several  specimens  growing  together.  Mature  plant  very 
compact  and  forming  a  well-defined,  broad,  slightly  pointed,  hard,  well  blanched 
head,  with  outside  leaves  characteristically  turned  and  twisted  backward  at  their 
uppermost  bortlers,  but  otherwise  very  tightly  and  completely  overlapping  one 
another.  Leaves  very  broad,  mostly  smooth,  slightly  blistered  and  crumpled,  fairly 
twisted,  thick,  and  stiff,  hard,  and  not  easily  torn,  obscurely  crenate  at  maiiginii, 
undulate  at  borders.  Color,  light  dull  green,  excepting  an  extremely  narrow,  sharply 
defined,  light  brown  border,  no  part  of  leaf  spotted,  and  inner  head  leaves  and  stem 
of  plant  never  colored.  Quality  poor  to  fair;  slightly  buttery  in  flavor,  hard  in  tex- 
ture, and  lacking  the  delicacy,  sweetness,  and  tenderness  of  strictly  butter  varieties. 
Seeds  whitish. 

Comparison, — Probably  one  of  the  five  most  largely  grown  varieties  of  the  United 
States.  Adapted  to  all  parts  of  the  country  and  grown  everywhere,  but  especially  in 
the  South  by  market  gardeners  to  ship  North  during  the  winter,  for  which  purpose 
it  is  probably  grown  more  than  any  other.  Succeeds  esixjcially  well  in  late  autumn 
and  is  a  favorite  in  the  East  and  North  for  growing  at  that  time  of  the  year.  Also  a 
gooil  summer  variety.  It  is  a  very  large  lettuce  for  forcing,  and  is  used  to  some 
extent  for  growing  under  glass,  requiring,  it  is  said,  a  very  cool  temperature  to  do 
well  in  greenhouses.  Distincitly  a  market  gardener's  variety  and  although  generally 
satisfactory  for  home  use  other  sorts  of  better  quality  are  recommended  to  private 
gardeners.  A  splendid  shipper,  sure  header,  reliable,  and  hardy.  Excepting  in  color 
this  lettuce  is  the  same  as  Unrivaled  and  is  more  like  that  sort  than  anv  other.  Aside 
from  this  variety  it  does  not  closely  resemble  any  other,  but  is  perhaps  more  like 
Crumpled-Leaved  than  most  other  varieties,  though  very  different  in  usefulness  and 
value.    The  young  plant  is  similar  in  habit  to  Speckled  Dutch  Butter. 

Synonyms. — Henderson's  Big  Boston,  Holmes's  Big  Boston,  Big  Head  (GriflSth  4 
Turner),  California  Giant  White  Forcing,  Giant  White  Forcing,  Chesterfield,  Houfr 
ton  Market,  All  Right,  Myers'  All  Right,  New  Lettuce  No.  1,  Relish,  TrocadeiP, 
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Confuging  names. — Boston  Market,  Large  Boston  Market,  Boston  Curled,  Boston 
Glasehouse,  Boston  Hothouse,  Boston  Forcing,  and  Tennis  Ball  White-Seeded,  all 
different  types  from  Big  Boston. 

HitiOTy, — Named  and  introduced  by  Peter  Henderson  &  Co.  about  fourteen  years 


lUusiraUons. — Different  views  of  the  variety  are  given  on  Plates  V,  XXII,  and 
XXIV.    The  solidity  of  the  head  is  about  the  same  as  that  of  Matador,  on  Plate  XX. 

BIiAGK-SEEDED  SIMPSON. 

Listed  by  one  hundred  and  seventy  seedsmen.  Seeds  tested:  Burpee,  1901;  Far- 
quhar,  1901;  Ferry,  1900-1902;  Henderson,  1901;  Johnson  &  Stokes,  1901;  Landretb, 
1899,  1901;  Livingston,  1900;  McMillan,  1900;  Thorbum,  1899,  1901,  1903. 

Description. — A  decidedly  crisp  variety,  bunching,  but  sometimes  tending  to  a 
cabbage-like  growth,  large,  early  marketable,  but  late-intermediate  in  attaining  fullest 
development,  slow  to  shoot  to  seed.  Plant  fairly  compact  and  consisting  of  a  firm, 
well  blanched,  rounded  to  elongated  and  V-shaped  cluster  of  leaves,  closely  drawn 
together,  but  rarely  in  a  way  to  make  a  visible  or  distinct  cabbage  head,  though 
innennoet  heart  leaves  curving  inward  over  one  another  generally  present  a  half- 
formed  concealed  cabbage-like  head.  Leaves  very  broad,  much  blistered,  crumpled 
and  twisted,  extremely  thick,  stiff,  and  coarse,  with  large  protruding  midribs,  ser- 
rate margins,  and  much  developed  and  excessively  frilled  borders.  Color  very  light 
green,  never  spotted  nor  brownish  in  any  part.  Quality  fair;  sweet,  somewhat  hard 
and  coarse  in  texture.    Seeds  large,  blackish. 

CompariAon. — Probably  one  of  the  four  most  largely  planted  varieties  of  the  United 
States.  Adapted  to  all  parts  of  the  country  and  grown  everywhere,  but  less  in  the 
South  than  other  sections.  An  especial  favorite  with  Detroit,  Chicago,  and  other 
western  gardeners,  who  probably  grow  this  variety  more  than  any  other.  Dis- 
tinctly a  market  gardener's  sort,  and,  though  of  coarse  quality,  it  is  often  the  most 
satisfactory  sort  for  home  use,  because  no  lettuce  is  more  reliable  and  easily  grown. 
It  succeeds  during  summer  when  other  sorts  of  more  delicate  quality  are  failures.  A 
good  shipper  and  formerly  used  extensively  in  the  West  for  forcing,  but  now  largely 
superseded  for  this  purpose  by  Grand  Rapids.  Like  this  variety  it  is  easily  grown 
in  greenhouses,  and  will  stand  a  great  deal  of  neglect  in  watering  and  ventilation. 
Black -Seeded  Simpson  is  the  same  in  usefulness  and  value  as  Bon  Ton  and  Morse, 
and  sometimes  can  not  be  identified  unless  grown  by  the  side  of  them.  Similar  also 
to  Early  Curled  Simpson,  differing  principally  in  being  larger,  lighter  green,  more 
dense  in  growth,  and  more  attractive  in  appearance. 

Synonyms. — Large  Black-Seeded  Simpson,  Curled  Black-Seeded  Simpson,  Early 
Black-Seeded  Simpson,  Early  Curled  Black-Seeded  Simpson,  Buckbee's  Earliest 
Forcing,  Longstreth's  Earliest,  Salzer's  Earliest,  Earliest  Forcing,  Earliest  of  All, 
First  Early,  Constitution. 

Confusing  names. — Early  Curled  Simpson,  which  is  the  same  as  White-Seeded 
Simpson. 

History. — First  listed  by  American  seedsmen  about  twenty -four  years  ago.  Peter 
Henderson  &  Co.  claim  to  have  first  introduced  the  variety. 

Illustrations. — ^A  mature  plant  is  shown  on  Plate  I.  The  character  of  the  leaf  is 
shown  by  Early  Curled  Simpson,  on  Plate  XXV,  except  that  the  size  and  shape  are 
similar  to  Hanson,  on  Plate  XXVI.  The  young  plant  is  similar  to  Hanson,  on 
Plate  XXII,  and  the  longitudinal  section  to  White  Star,  on  Plate  XXI,  except  not 
quite  so  solid. 
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BLONDE  BLOCK  HEAD. 

Listediby  fifteen  seedsmen.  Seeds  tested:  Burpee,  1899-1903;  Farquhar,  1901; 
Weeber  &  Don,  1900. 

ODmparison. — Little  known  or  planted.  Excepting  slightly  darker  in  color,  some- 
times upright  in  habit  when  young,  and  often  forming  an  oval  head,  the  description 
as  well  as  usefulness  and  value  seem  to  be  the  same  as  that  of  Hanson,  and  not 
sufficiently  different  from  that  well-known  sort  to  be  a  very  important  variety. 

Synonyms. — Blonde  Beauty,  Sunset,  Golden  Sunset. 

Confusing  names. — Golden  Beauty,  which  is  a  wholly  different  type  of  lettuce. 

History. — Introduced  by  Vilmorin-Andri^eux  &  Co.,  of  Paria,  France,  and  first 
listed  in  this  country  about  fourteen  years  ago. 

Illustrations. — Same  as  for  Hanson. 

BON  TON. 

Listed  by  one  seedsman.  Seeds  tested:  Josiah  Livingston,  1899, 1900;  Livingston, 
1901-1903. 

Comparison. — Little  known  or  planted.  Description  same  as  Black-Seeded  Simp- 
son, and  sometimes  hardly  distinguishable  from  it  unless  carefully  compared.  It  is 
evidently  a  selection  from  that  variety  and  superior  to  it  in  evenness  of  type,  but 
also  more  solid,  compact,  lighter  colored,  smoother  leaved,  coarser  frilled  at  borders, 
slower  to  shoot  to  seed,  and  at  Washington  larger  in  size,  though  reports  of  it  from 
California  and  Michigan  state  it  to  be  smaller.  Usefulness  and  value  same  as  Black- 
Seeded  Simpson.  Highly  recommended  for  trial  to  both  amateurs  and  market 
gardeners  wherever  Black-Seeded  Simpson  is  liked,  because  for  many  soils  and 
gardens  it  is  undoubtedly  a  better  variety. 

Synonyms. — Livingston's  Bon  Ton. 

History. — Named  and  introduced  in  1896  by  the  Josiah  Livingston  Seed  Co.  After 
this  firm  discontinued  business  the  variety  was  next  first  listed  by  Livingston  Seed 
Store,  of  Columbus,  Ohio. 

Illustrations. — Same  as  for  Black-Seeded  Simpson. 

BOSTON  CUBLED. 

Listed  by  forty-six  seedsmen.  Seeds  tested:  Burpee,  1901-1903;  Henderson, 
1901;  Landreth,  1899,  1900. 

Description. — A  decidedly  crisp  variety,  strictly  bunching,  small,  early-intermediate 
in  season,  wilts  at  once  upon  being  pulled,  shoots  quickly  to  seed.  Plant  fairly  com- 
pact, growing  close  to  the  ground  and  forming  a  very  loose,  rounded,  or  slightly 
flattened,  very  regular  cluster  of  leaves,  also  somewhat  opened  or  spread  out  in  the 
center  and  never  dense  enough  for  blanching  to  any  extent.  Leaves  broad  and  very 
regular  in  form,  rarely  blistered,  never  crumpled  nor  twisted,  exceedingly  thick, 
stiff,  and  hard.  Veiiw  many,  coarse  and  conspicuous,  margins  finely  serrate,  bor- 
ders excessively  frilled  and  embracing  nearly  the  whole  of  the  visible  portion  of  the 
plant.  Color,  medium  green,  never  spotted  nor  brownish  in  any  part.  Quality  ver)' 
poor;  tough  in  texture,  and  of  a  rank,  wild  flavor,  wholly  lacking  sweetness.  Seed? 
small,  very  blackish. 

Comparison. — Very  little  planted.  A  novel  and  very  pretty  fringed  lettuce,  curly 
like  an  endive,  Init  on  account  of  its  poor  quality,  small  size,  and  its  wilting  imme- 
diately upon  being  pulled,  it  is  of  little  use  excei)t  for  garnishing  or  ornament.  One 
of  the  first  varieties  to  shoot  to  seed  in  hot  weather,  but  remaining  fit  for  use  a  loi^f 
time  in  the  autumn  or  in  cool  weather.  Stands  more  cold  than  any  other  variety, 
excepting  possibly  Green-Fringed.  By  far  the  most  deeply  fringed  and  curly  lettuce 
in  cultivation.     Grand  Rapids  is  perhaps  most  like  it  in  these  qualities  and  in  habit 
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of  gnrowth,  but  very  different  in  usefulness  and  value.  Like  that  variety,  the  seeds 
are  very  hard  to  germinate. 

Synartj/ms. — Boston  Early  Curled,  Boston  Fine  Curled,  Boston  Extra  Fine  Curled. 

Confusing  names. — Big  Boston,  Boston  Market,  Large  Boston  Market,  Boston  Hot- 
hooee,  Boston  Glasshouse,  Boston  Forcing,  and  Boston  Forcing  Tennis  Ball  White- 
Seeded,  all  different  types  from  Boston  Curled. 

History. — James  J.  H.  Gregory  &  Son  claim  to  have  first  introduced  this  variety. 
It  has  been  listed  by  them  for  at  least  thirty-nine  years. 

Illustrations. — The  variety  is  shown  on  Plates  VII  and  XXIII. 

BBIGGS'  FOBCING  AND  GABBEK. 

Listed  by  one  seedsman.     Seeds  tested:  Briggs,  1901-1903. 

Description. — A  decidedly  butter  variety,  strictly  cabbage-heading,  medium  in  size, 
early  in  season,  and  quickly  shooting  to  seed.  Plant  compact  and  forming  a  globu- 
lar or  sometimes  slightly  elongated,  firm,  well-defined,  well-blanched  head,  with 
l^vea  very  flatly  overlapping  one  another.  Leaves  broad  in  shape,  fairly  blistered, 
crampled,  and  twisted,  thin  and  soft,  their  margins  entire  and  borders  flat.  Color, 
light  green;  never  spotted  nor  brownish  in  any  part.  Quality  good;  soft  in  texture, 
mild,  delicate,  buttery  in  flavor.    Seeds  whitish. 

^Jomparison. — Little  known  or  planted.  Very  similar  to  Reichner  and  Philadelphia 
Batter,  and  sometimes  hardly  distinguishable  from  them.  A  strictly  forcing  sort  of 
apparent  merit,  though  at  Washington  it  has  not  proved  as  reliable  as  the  above 
Tarieties,  and  it  is  not  suflBciently  different  from  them  to  be  a  very  important  lettuce. 

History. — Apparently  named  and  first  listed  by  Briggs  Bros.  &  Co.  The  name 
seems  never  to  have  been  used  by  other  seedsmen  except  in  1902  by  J.  M.  Thorbum 
&Co. 

Htustrations. — Same  as  for  Reichner. 

BBITTIiE  ICE. 

Listed  by  one  seedsman.    Seeds  tested:  Burpee,  1903. 

Comparison. — New,  and  as  yet  grown  in  this  country  only  in  an  experimental  way. 
Same  general  character  and  usefulness  as  Malta.  Further  trials  are  necessary  Iwfore 
it  Iran  l>e  determined  in  what  respect,  if  any,  it  differs  from  that  variety  or  other  simi- 
lar sorts  like  Dammann's  Ice. 

History. — Named  and  first  introduced  in  this  country  in  1903  by  W.  Atlee  Burpee 
&  Co.,  who  state  the  lettuce  came  from  Australia. 

Illustrations. — Same  as  for  Malta. 

BBOWN  DUTCH  BLACK-SEEDED. 

LiFted  by  forty  seedsmen.  Seeds  tested:  Ferry,  1900-1903;  Landreth,  1899, 1901; 
Thorbum,  1901. 

Description. — A  decidedly  butter  variety,  strictly  cabbage-heading,  medium-large 
in  size,  late-intermediate  in  season  and  in  time  of  shooting  to  seed.  Young  plant 
very  regular  in  habit,  its  leaves  very  straight  and  extending  flatly  over  the  ground. 
Mature  plant  low  growing,  very  spreading,  and  forming  a  globular,  fairly  defined, 
firm,  well-blanched  head  with  leaves  closely  overlapping  one  another.  leaves  broad 
in  shape,  fairly  blistered,  crumpled,  twisted,  thick,  and  stiff,  entire  at  margins,  flat 
at  borders.  Color  medium  dull  green,  tinged  with  dull  faint  brown  and  sometimes 
colored  a  decided  brown  in  well-defined  blotches  but  never  distinctly  spotted;  border 
no  more  colored  than  other  parts,  inner  head  leaves  wholly  green,  stem  and  base  of 
midribfl  plainly  colored.  Quality  fair;  sweet  and  decidedly  buttery  in  flavor,  fairly 
tender.    Seeds  blackish. 
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Comparison. — One  of  the  lesser  grown  varieties.  Not  generally  valuable  and  beet 
known  for  its  extreme  hardiness  to  cold.  Long  recognized  as  one  of  the  best  for 
wintering  over  outdoors.  Though  not  quick  to  shoot  to  seed  it  never  seems  to  grow 
well  during  summer  or  hot  weather.  At  Washington  it  has  done  well  in  the  automn, 
but  very  poorly  in  the  spring.  Not  recommended  except  under  special  circum- 
stances or  in  an  experimental  way.  More  like  Brown  Genoa  than  other  varietieSf 
differing  from  it  in  no  pronounced  respect  except  freedom  from  spots.  Similar  also 
to  Brown  Dutch  White-Seeded  and  ShotwelPs  Brown  Head  (Bridgeman).  It 
differs  principally  from  the  former  in  being  more  brownish  in  color,  slightly  laiger, 
and  more  spreading,  and  from  the  latter  in  being  free  of  spots.  The  dull  brownish 
color  of  these  four  sorts  is  quite  distinct. 

Synonym. — Batavian  Brown  Dutch. 

History. — One  of  the  oldest  American  varieties.  Known  in  this  country  for  at 
least  ninety-eight  years. 

Illustrations. — A  well-grow^n  plant  will  make  a  head  as  solid  as  Emperor  William, 
on  Plate  IX,  or  even  nearly  as  perfect  as  California  Cream  Butter,  on  Plate  VIII,  but 
generally  the  plant^s  are  more  loose  in  habit  than  shown  in  these  illustrations.  A 
leaf  would  be  fairly  represented  by  that  of  Deacon,  on  Plate  XXIII,  only  more 
crumpled  and  blistered.  A  young  plant  is  almost  as  spreading  as  that  of  All  Seasons, 
on  Plate  XXII. 

BBOWK  DUTCH  WHITE-SEEDED. 

Listed  by  one  seedsman.    Seeds  tested:  Farquhar,  1901-1903. 

Comparison. — Scarce,  and  little  known  or  planted.  Usefulness  and  value  same  as 
Brown  Dutch  Black-Seeded,  and  not  sufficiently  different  from  it  to  be  an  important 
variety.  Excepting  in  color  of  seeds,  the  description  already  given  of  the  latter 
variety  applies  also  to  this  lettuce,  though  Brown  Dutch  White-Seeded  is  not  quite 
so  brown  in  color  nor  so  large  in  size,  and  somewhat  more  compact  in  habit  and 
blistered  in  the  leaves. 

History. — Known  in  this  country  for  at  least  fifty-three  years. 

lUusiraiions. — Same  as  for  Brown  Dutch  Black-Seeded. 

BBOWN  GENOA. 

Listed  by  one  seedsman.    Seeds  tested:  (xregory,  1899-1903. 

Comparison. — Scarce,  and  little  known  or  planted.  Usefulness  and  value  same  as 
Brown  Dutch  Black-Seeded,  and  not  sufficiently  different  from  that  well-known  sort 
to  be  an  important  variety.  The  description  is  the  same,  except  that  Brown  Genoa 
is  distinctly  spotted  on  the  outside  and  sparingly  so  on  the  inside  leaves.  It  is  also 
distinguished  from  Brown  Dutch  Black-Seeded  in  being  not  quite  so  brownish  in 
color,  a  little  larger  in  size,  and  more  spreading  in  habit. 

History. — Listed  in  1874  by  James  J.  II.  Gregory  &  Son,  who  write  that  the  variety 
probably  came  from  Vilmorin-Andrieux  <fe  Co.,  of  France. 

lUnstrations. — Same  as  for  Brown  Dutch  Black-Seeded. 

BBOWK  HEAD. 

Listed  by  three  seedsmen.  Seeds  tested:  Dallwig,  1899-1903;  Koemer,  1900;  Baw- 
son,  1900-1903;  Weber,  1903. 

Description. — A  decidedly  buttery  variety,  strictly  cabbage-heading,  large,  medium 
in  size,  late,  slow^  to  shoot  to  seed.  Plant  loose,  very  spreading,  and  forming  a  glob- 
ular, fairly  defined,  soft,  well-blanched  head  with  leaves  completely  but  very  loosely 
overlapping  one  another.  Leaves  unusually  broad,  cup-shaped  when  young,  much 
blistered  and  crmiipled,  slightly  twisted,  somewhat  thin  and  limp,  entire  at  maigins, 
flat  at  border.    Color  bright  brown,  interspersed  in  a  very  striking  manner  with 
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bright  green  in  less  expo8e<l  or  depressed  parte  and  thereby  exhibiting  to  good 
advantage  the  blistered  character  of  the  plant;  inner  head  leaves,  stem  of  plant,  and 
base  of  midrib  wholly  green;  no  part  of  plant  plainly  spotted.  Quality  good;  sweet 
and  battery  in  flavor,  soft  in  texture,  but  leaves  thin  and  lacking  substance.  Seeds 
whitish. 

Comparison, — One  of  the  lesser  grown  varities.  Suitable  for  summer.  Wholly 
unfit  for  forcing,  too  deep  brown  in  color,  loose  in  habit,  and  too  soft  a  head  to  be 
recommended  for  market  gardeners.  Sometimes  attractive  to  amateurs  on  account 
of  its  brilliant  color  and  showy  heads  and,  except  Red  Besson,  the  most  brilliant  red- 
eolored  lettuce  known  in  America.  It  is  more  like  Red  Besson  than  any  other  and 
differs  principally  in  being  less  colored,  thicker  leaved,  and  smaller.  It  next  most 
reeemblee  Shotwell's  Brown  Head  (brownish  or  common  type) . 

Synonyms, — Weber's  Brown  Head,  Hard  Head,  Burpee's  Hard  Head,  Buck  bee's 
Surprise,  Surprise. 

Omfusing  names. — Shotwell's  Brown  Head,  Batavian  Brown  Head,  Bronzed  Head, 
Hartford  Bronzed  Head,  Bronzed  Curled,  Bronzed  Red,  Brown  Curled,  and  Beck- 
ert's  Brown  Curled,  all  different  types  from  Brown  Head. 

History. — Listed  by  W.  E.  Dailwig  for  at  least  eleven  years  and  by  W.  W.  Rawson 
&  Co.  in  1898. 

lUustrations. — The  habit  of  the  mature  plant  is  well  shown  by  Red  Besson,  on 
Plate  XIII;  the  leaf  by  Tennis  Ball  Black-Seeded,  on  Plate  XXIII,  and,  excepting 
for  being  much  softer,  the  longitudinal  section  by  Matador,  on  Plate  XX. 

BUBPEE'S  BTJTTEB  HEAD. 

Listed  by  one  seedsman.    Seeds  tested :  Burpee,  1903. 

Description. — New  and  as  yet  grown  in  this  country  only  in  an  experimental  way. 
8ame  general  character  and  usefulness  as  Large  Yellow  Market  and  Paris  Sugar  and 
poaeibly  identical  with  one  of  them.  Further  trials  are  necessary  before  the  differ- 
ences can  be  fully  made  out.  The  originator  describes  the  plants  to  be  fully  as 
large  as  Maximum  and  often  12  inches  in  diameter. 

History. — Named  and  introduced  in  1903  by  W.  Atlee  Burpee  &  Co.,  and  said  by 
them  to  have  originated  in  England. 

HiustraHom. — Same  as  for  Large  Yellow  Market. 

BTTTTEKCIJF. 

Listed  by  thirty-five  seedsmen.  Seeds  tested:  Farquhar,  1901;  Ferry,  1900,  1901, 
1903;  Plant,  1899, 1900;  Schisler-Corneli,  1899;  Thorbum,  1899, 1901, 1902;  Vaughan, 
1901. 

Tkscripiion. — ^A  decidedly  butter  variety,  strictly  cabbage-heading,  small-medium 
in  size,  late-intermediate  in  season,  very  slow  to  shoot  to  seed.  Plant  fairly  com- 
pact and  forming  a  globular,  firm,  well-defined,  well-blanched  head  with  leaves 
closely  overlapping  one  another.  Leaves  broad  in  shape,  fairly  blistered  and 
crompled,  slightly  twisted,  thin,  almost  loose  and  limp,  entire  at  margins,  flat  at 
borders.  Color  very  light  green,  sometimes  described  as  golden  green,  never  spotted 
nor  brownish  in  any  part.  Quality  fair;  delicate,  sweet,  buttery  flavor,  soft  texture. 
Seeds  whitish. 

Ownparison. —One  of  the  lesser  grown  varieties  and  not  generally  valuable,  but  it 
is  sometimes  attractive  to  amateurs  because  of  its  beautiful  color,  w^hich  is  the 
lightest  green  and  most  yellow  of  any  lettuce  in  cultivation.  Makes  good  heads  in 
8ome  localities  and  seasons,  but  not  generally  doing  so  at  Washington  or  most  other 
places.  In  hot  weather  the  outside  leaves  often  change  to  a  faded,  sickly  yellowy  so 
that  the  color  is  sometimes  one  of  its  bad  features  rather  than  its  principal  merit. 
'^  general  character  of  its  leaves  and  habit  of  growth  is  the  same  as  the  Tennis 
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Ball  Black-Seeded.  Excepting  a  foreign  sort  known  as  Blonde  de  Berlin  there  seems 
to  be  no  other  variety  like  it  in  color,  and  for  this  reason  it  is  seldom  confounded 
with  other  types. 

Synonyms. — Golden  Buttercup,  Golden  Ball,  Xorthrup,  King  &  Go. *8  Golden  Ball, 
Michell's  Very  Best,  Rudolph's  Favorite. 

History. — First  listed  by  American  seedsmen  about  eighteen  years  ago  and  said  to 
be  of  German  origin. 

Illustrations. — The  mature  plant  is  similar  in  habit  to  that  of  California  Cream 
Butter,  on  Plate  VIII,  differing  from  it  in  being  much  smaller,  more  blistered  in  the 
leaves,  and  with  heads  much  less  developed.  The  leaf  is  similar  to  that  of  Tennia 
Ball  Black-Seeded,  on  Plate  XXIII,  and  the  longitudinal  section  to  Mette's  Forcing, 
on  Plate  XIX,  excepting  not  nearly  so  solid  or  perfect  a  head. 

CAIilFOBNIA  ALL  HEAKT. 

Listed  by  five  seedsmen.     Seeds  tested:  Alneer,  1899-1901,  1903. 

Reputed  to  be  distinct  when  first  listed  about  ten  years  ago,  but  now  very  rarely 
catalogued  by  seedsmen,  and  as  received  here  never  the  same  in  any  one  year,  the 
samples  obtained  being  identified  as  Chartier,  Hanson,  or  Early  Curled  Simpson. 
The  original  and  correct  type  is  described  as  a  coarse,  crisp  head,  similar  to  Denver 
Market. 

Confusing  names. — All  Heart  as  introduced  by  Henry  A.  Dreer  and  sometimes  sold 
as  Dreer's  All  Heart  is  a  different  type  from  California  All  Heart. 

History, — Said  to  have  originated  with  a  seed  grower  of  Santa  Clara,  Cal.,  about 
fourteen  years  ago. 

CAIilFOBNIA  CBEAM  BT7TTEB.. 

Listed  by  ninety-seven  seedsmen.  Seeds  tested:  Burpee,  1900-1902;  Ferry,  1900, 
1901;  Germain,  1901;  Johnson  &  Stokes,  1900;  Landreth,  1899,  1901;  Rice,  1903; 
Thorburn,  1903. 

Description. — A  decidedly  butter  variety,  strictly  cabbage-heading,  large,  late- 
intermediate  in  season,  slow  to  shoot  to  seed.  Plant  fairly  compact  and  forming  a 
globular,  very  firm,  w^ell-defined,  well-blanched  head,  with  leaves  very  closely  over- 
lapping one  another.  Leaves  broad  in  shape,  blistered,  and  crumpled,  slightly 
twisted,  fairly  stiff,  very  thick,  entire  at  margins,  flat,  or  partly  blistered  at  bordere. 
Color  dark,  rich,  glossy  green,  freely  and  distinctly  spotted  with  deep  brown  as  well 
as  partly  tinged  in  places,  especially  at  or  near  the  border  of  leaves.  Stem  of  plant 
and  inner  head  leaves  never  colored.  Quality  excellent;  very  buttery,  fairly  sweet, 
and  with  thick  soft  leaves  of  much  substance.  Seeds  blackish,  generally  more 
brownish  black  than  other  blackish-seeded  sorts  and  seeds  often  described  as  brown. 

Comparison. — One  of  the  ten  most  largely  grown  varieties  of  the  United  States. 
Planted  in  all  parts  of  the  country,  but  more  esi)ecially  in  California  and  the  South. 
This  variety  and  Big  Boston  are  the  kinds  used  almost  exclusively  by  southern  gar- 
deners to  jfrow  during  winter  for  shipment  to  northern  markets.  Succeeds  well 
everywhere  and  at  all  times  of  the  year.  A  good  shipper,  very  hardy  to  cold, 
stands  over  winter  well,  and  is  especially  good  for  summer,  but  not  suited  for  indoor 
culture.  Recommended  to  private  gardeners  as  one  of  the  most  buttery  flavored 
and  best  in  quality  of  all  varieties  and  to  market  gardeners  as  one  of  the  best  for 
their  purpose  also.  Similar  in  color  to  Tennis  Ball  White-Seeded  and  Victoria  Red- 
Edged.  In  places  where  Passion  does  well  it  closely  resembles  that  variety.  Same 
habit  and  general  value  as  White  Chavigne. 

Synonyms. — Cox's  California  Cream  Butter,  Cream  Butter,  German  Butter,  Maule's 
Philadelphia  Butter,  Bolgiano's  Early  Spring,  Early  Spring,  New  Orleans  Large 
Passion,  Summer  Drum  Head,  Treasure. 
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Canftuing  names. — California  All  Heart,  California  Curled,  California  Giant  White 
Forcing,  California  Passion,  all  different  types  from  California  Cream  Butter. 

History. — Named  and  introduced  by  W.  Atlee  Burpee  &  Co.  in  1888.  It  is  evi- 
dently the  variety  which  was  well  known  about  that  time  in  California  as  Royal 
Somtner  Cabbage. 

IUustratio7is. — A  mature  plant  of  the  variety  is  shown  on  Plate  VIII.  The  longi- 
tudinal section  is  similar  to  that  of  Matador,  on  Plat«  XX,  differing  princijially  in 
being  much  lai^ger  and  more  solid.  The  leaf  is  about  between  that  of  Tenuis  Ball 
Black-Seeded  and  Deacon,  both  shown  on  Plate  XX III. 


Listed  by  four  seedsmen.  Seeds  tested:  Ebeling,  1900,  1901;  Leonard,  1901, 1902; 
Scott,  1899,  1900,  1903;  Vaughan,  1899-1901. 

Description. — A  decidedly  crisp  variety,  cabbage-heading,  large,  late  in  season,  and 
time  of  shooting  to  seed.  Plant  long-stemmed,  somewhat  spreadinc:  and  loose,  and 
forming  a  globular,  well-defined,  firm,  well-blanched,  showy  head,  with  leaves  closely 
overlapping  one  another.  Leaves  broad  in  shape,  fairly  blistered,  and  crimipled, 
thick,  and  stiff,  very  little  twisted,  serrate  at  margins,  frilled  at  borders.  Color  a 
distinct  medium  bright  brown,  varying  to  bright  green  in  less  exposed  parts  and  top 
of  head ;  border  plainly  marked  with  deeper  brown  than  other  parts  of  leaves,  no 
part  of  plant,  however,  distinctly  spotted ;  inner  head  leaves  and  stem  of  plant  wholly 
green.  Quality  fair;  very  crisp,  hard  in  texture,  decideiUy  lacking  in  sweetness  and 
delicacy.    Seeds  large,  whitish. 

Com}»ariwn. — Very  little  grown.  At  one  time  highly  recommended  at  Pittsburg 
and  Chicago,  but  now  it  seems  to  be  little  heard  of.  Suitable  as  a  summer  or  mar- 
ket gardener's  sort  for  certain  soils  and  climates.  In  some  places  and  seasons  it 
makes  an  immense,  showy  head,  but  it  is  a  very  uncertain  variety  and  the  head  is 
often  soft  or  even  bunched  in  growth.  It  sometimes  forms  a  head  as  large  and  as 
showy  as  Hanson,  but  never  so  solid  or  hard;  wholly  unfit  for  forcing.  Other  sorts 
of  better  quality  are  recommended  for  home  use.  Market  gardeners  are  advised  to 
test  it  before  making  very  large  plantings.  The  color  of  the  plants  is  perhaps  most 
like  Onondaga  or  Prize  Head.  The  brown  is  not  so  abundant  nor  so  dark  as  in  these 
varieties.  The  leaves  are  similar,  also,  but  decidedly  less  blistered,  crumpled,  and 
frille<l  in  character. 

Synonyms. — Brown  Chartier,   Pink  Chartier,   Brown  Curled,   Beckert's  Brown 
Curled,  Bronzed  Curled. 
Uislary. — Listed  by  W.  C.  Beckert  for  at  least  thirteen  years. 
lUuslrations. — When  well  grown  the  plant  may  resemble  Hanson,  on  Plate  I.    The 
young  plant  and  leaf  are  similar  to  Hanson,  on  Plates  XXII  and  XXVI,  respectively. 

CHICAGO  FOBCING. 

Listed  by  one  seedsman.     Seeds  tested:  Vaughan,  1899-1901. 

Comparison. — Of  same  class  as  Grand  Rapids,  differing  in  being  much  earlier, 
smaller,  finer  blistered,  crumpled,  and  frilled,  and  running  to  seed  at  once  when 
planted  outdoors.  Formerly  used  for  growing  under  glass  in  the  same  way  as  Grand 
Bapids,  but  not  now  often  listed  by  seedsmen.  Apparently  almost  wholly  gone  out 
of  use. 

Hidary. — Introduced  about  1885  by  Vaughan's  Seed  Store  but  not  listed  by  that 
house  after  1899.  It  is  said  to  have  originated  with  a  Mr.  Walters,  who  is  described 
as  a  careful  grower  of  lettuce  under  cold  frames. 
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COLD  FRAME  WHITE  CABBAGE. 

Listed  by  five  seedsmen.  Seeds  tested:  Thorburn,  1901-1903;  Weeber&  Don,  1902, 
1903. 

Description, — A  decidedly  butter  variety,  strictly  cabbage-heading,  medium  in  size, 
eariy-intermediate  in  season,  and  shooting  to  seed  at  an  intermediate  date.  Plant 
somewhat  compact  and  forming  a  globular,  well-defined,  firm,  well-blanched  head, 
with  its  leaves  closely  overlapping  one  another.  Leaves  somewhat  cup-shaped  ^nrhen 
young,  broad  when  mature,  fairly  blistered,  crumpled,  thick,  and  stiff,  entire  at 
margins,  fiat  at  borders.  Color  medium  green,  fairly  tinged  in  places  with  li^ht 
brown,  never  spotted,  and  inner  head  leaves  and  stem  of  plant  never  colored. 
Quality  good;  sweet,  very  buttery,  soft  in  texture.    Seeds  whitish. 

Comparison. — Very  little  known  and  planted.  Strictly  a  market  gardeners'  sort 
and  excellent  for  forcing,  early  spring,  or  late  fall  planting.  Not  suited  for  summer. 
Perhaps  more  like  Victoria  Red-Edged  than  any  other  variety;. in  fact,  at  times  the 
two  seem  identical.  Also  similar  to  Yellow  Winter,  St.  Louis  Black-Seeded  Forcing, 
and  Tennis  Ball  White-Seeded. 

History, — Apparently  named  and  introduced  by  J.  M.  Thorburn  &  Co.,  who  have 
listed  it  for  at  least  ten  years. 

Illustrations. — The  habit  of  the  mature  plant  is  fairly  represented  by  that  of  Cali- 
fornia Cream  Butter  on  Plate  VIII,  the  longitudinal  section  by  Matador,  on  Plate 
XX,  and  the  leaf  between  that  of  Deacon  and  Tennis  Ball  Black-Seeded,  both  shown 
on  Plate  XXIII. 

CKUMPLED-IiEAVED. 

Listed  by  five  seedsmen.    Seeds  tested:  Burwell,  1900;  Rawson,  1899,  1901-1903. 

Description. — A  decidedly  butter  variety,  strictly  cabbage-heading,  early-medium  in 
size,  and  shooting  to  seed  at  an  early-intermediate  date.  Plant  very  compact  and 
forming  a  globular,  somewhat  indistinctly  defined,  finn,  well-blanched  head,  with 
its  leaves  clo.sely  overlapping  one  another  except  their  borders  characteristically 
twisted  and  turned  backward,  and  leaf  arrangement  very  irregular.  Leaves  broad 
in  shape,  fairly  blistered,  cnimpled,  thick,  and  stiff,  obscurely  crenate  at  margins, 
undulate  at  borders.  Color  very  dull  medium  green,  tinged  with  brown  in  places, 
sometimes  over  large  areas  and  in  distinct  blotches,  but  never  distinctly  spotted,  and 
inner  head  leaves  and  stem  of  plant  wholly  green.  Quality  good ;  sweet  and  buttery 
in  fiavor,  soft  in  texture.    Seeds  whitish. 

Comparison. — One  of  the  lesser-grown  varieties  of  the  United  States.  Little  used 
or  planted  except  around  Boston  and  in  New  England,  where  it  is  laigely  planted  in 
greenhouses.  Suitable  only  for  forcing.  The  largest  of  the  large  type  of  lettuce  now 
used  by  New  England  and  other  greenhouse  men  who  formerly  grew  only  the  smaller 
Boston  Market  variety  for  inside  culture.  Undoubtedly  a  most  valuable  sort  and 
highly  recommended.  It  is  claimed  for  it  that  decay  in  the  heart  is  almost  unknown, 
and  that  it  is  a  fine  shipper,  sure  header,  and  very  reliable.  Quite  different  in 
appearance  from  any  other  sort,  but  perhaps  more  like  Big  Boston  than  any  other. 
Tennis  Ball  White-Seeded,  Hittenger^s  Belmont,  and  Hothouse  are  closely  related 
sorts. 

Synonyms. — Rawson' s  Crumpled-Leaved. 

History. — Named  and  introduced  by  W.  W.  Rawson  &  Co.  in  1899,  and  said  to 
have  originated  in  their  greenhouses  at  Arlington,  Mass. 

llhist rations. — Th^  mature  plant  is  not  well  represented  by  any  of  the  following 
illustrations,  but  is  perhaps  best  shown  by  Big  Boston,  on  Plate  V,  and  California 
Cream  Butter,  on  Plate  VIII.  The  leaf  is  most  like  Big  Boston,  on  Plate  XXIV. 
The  longitudinal  section  is  almost  as  solid  as  that  represented  by  Mette's  Forcing,  on 
Plate  XIX,  though  in  habit  it  somewhat  resembles  Tom  Thumb,  on  the  same  plate. 
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DAMMANITS  ICE. 

Listed  by  one  seedsman.     Seeds  tested:  Swing,  1902,  1903. 

ComparUon. — Listed  in  America  only  by  Canadian  seedsmen.  Not  known  or  sold 
in  the  United  States.  Same  general  character  and  usefulness  as  Malta  and  hardly 
distingnishable  from  it.  Further  trials  are  necessary  before  the  exact  differences 
can  be  fally  determined. 

Htstory, — Apparently  first  listed  in  America  by  Wm.  Ewing  &  Co.  in  1902. 

lUuslraHons. — Same  as  for  Malta. 

DEACOK. 

Listed  by  one  hundred  seedsmen.  Seeds  tested:  Burpee,  1899-1901 ;  Robert  Evans, 
1899;  Farquhar,  1901;  Ferry,  1900,  1901;  Henderson,  1900,  1901;  Landreth,  1901; 
Thorburn,  1901-1903. 

De9cription. — A  decidedly  butter  variety,  strictly  cabbage-heading,  lai^-medium 
in  size,  intermediate  in  season,  slow  to  shoot  to  seed.  Young  plant  very  spreading, 
tegular  in  growth,  its  leaves  very  straight  and  extending  flatly  over  the  ground. 
Mature  plant  fairly  compact.  Head  elongated  when  first  forming,  globular  or  even 
flattened  when  fully  developed,  fairly  firm,  well  defined,  very  well  blanched,  and  its 
leaves  very  completely  but  loosely  overlapping  one  another,  but  outer  ones  of  plant 
well  separated  from  the  head  proper,  the  latter  thereby  left  very  bare  or  exposed. 
Leaves  broad,  peculiarly  smooth,  though  sometimes  slightly  blistered  and  crumpled, 
never  tw^isted,  unusually  thick  in  appearance,  but  soft  and  limp  rather  than  stiff, 
entire  at  margins,  flat  at  borders.  Color  a  peculiar  light  grayish  green,  never  spotted 
nor  brownish  in  any  part.  Quality  excellent;  sweet,  decidedly  buttery  in  flavor, 
and  with  thick,  soft  leaves  of  much  substance.    Seeds  whitish. 

Comparison.— One  of  the  ten  most  largely  planted  varieties  of  the  United  States 
and  grown  everywhere.  Especially  popular  with  the  market  gardeners  of  St.  Louis, 
Cliid^,  and  the  West,  where  it  is  largely  sold  as  St.  Louis  Butter.  Stands  summer 
well,  sure  heading,  very  reliable,  and  always  attractive.  A  few  greenhouse  men 
have  tried  it  in  a  small  experimental  way  under  glass  and  reported  it  as  the  best  of 
the  cabbage-heading  varieties  for  forcing,  and  as  more  free  from  rot  than  any  other, 
though  we  liave  never  known  of  its  being  used  in  a  commercial  way  for  forcing.  It 
is  a  splendid  market  gardener's  lettuce  and,  because  of  its  high  quality  and  easy  cul- 
ture, one  of  the  very  best  for  home  use.  Peculiarly  light  grayish  green  in  color  and 
not  likely  to  be  confounded  with  other  variety  types,  except  All  Seasons  and  Asiatic, 
both  of  which  it  closely  resembles.  Reichner,  Silver  Ball,  and  Philadelphia  Butter 
are  also  similar  sorts.  The  variety  belongs  to  the  same  class  and  possesses  the  same 
general  value  as  California  Cream  Butter,  White  Summer  Cabbage,  and  Tennis  Ball 
Black-Seeded. 

iSVmmj/7n«.— Australian  White  Triumph,  Big  Head,  Bolgiano's  Big  Head,  Bolgiano's 
Golden  Heart,  Colossal,  Tait's  Colossal,  Largest  of  All,  Large  Drum  Head,  Golden 
Oate,  Rummer  Gem,  Moore*s  Summer  Gem,  San  Francisco  Market,  Sunlight,  St. 
Louis  Butter,  Salzer's  Sunlight,  Summer  Queen  Drum  Head,  Triumph,  White  Russian, 
Russian. 

History. — Named  and  introduced  by  the  Joseph  Harris  Co.  in  1879. 

lUugtrationa, — A  mature  plant  and  leaf  of  the  variety  are  shown  on  Plates  X  and 
XXIII,  respectively.  The  longitudinal  section  is  similar  to  that  of  Matador,  on 
Plate  XX,  and  the  young  plant  to  All  Seasons,  on  Plate  XXII. 

DEFLAlfCE. 

listed  by  thirty-two  seedsmen.  Seeds  tested:  Dallwig,  1903;  Dreer,  1903;  Farqu- 
har, 1901,  1903;  Gregory,  1900,  1903;  Johnson  &  Stokes,  1899,  1901;  Leonard,  1903; 
Livingston,  1901;  Michell,  1901,  1903;  Rawson,  1903;  Rice,  1902;  Vaughan,  1900. 
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Description, — A  decidedly  butter  variety,  strictly  cabbage-heading,  large,  medium 
in  size,  late-intermediate  in  season,  very  slow  to  shoot  to  seed.  Young  plant  very 
upright  growing,  w^ith  long  spatulate-shaped,  twisted  leaves  of  loose  and  limp  growth. 
Mature  plant  slightly  spreading  and  forming  a  globular,  imperfectly  defined,  firm, 
well-blanched  head,  with  its  leaves  very  loosely  and  irregularly  overlapping  one 
another.  Leaves  of  mature  plant  also  broad  in  shape,  fairly  blistered,  crumpled, 
thick,  and  stiff,  entire  at  margins,  fiat  at  borders.  Color  medium  green,  freely 
spotted,  tinged  light  brown  in  places,  but  inner  head  leaves,  stem  of  plant,  and  base 
of  midrib  wholly  green.  Quality  good;  very  buttery,  fairly  sweet  in  flavor,  soft  in 
texture.    Seeds  very  broad,  whitish. 

Comparison. — One  of  the  lesser  grown  varieties  of  the  United  States.  Excellent 
for  summer  growing,  but  not  as  reliable  for  this  purpose  as  some  other  cabbage  sorts, 
like  California  Cream  Butter  and  Black-Seeded  Tennis  Ball.  The  head  is  too  irrega- 
lar  in  shape  and  imperfect  to  be  attractive,  and  the  variety  can  not  be  very  highly 
recommended  except  for  its  heat-resisting  qualities.  Not  suited  for  forcing.  Very 
similar  to  Emperor  William,  German  Incomparable,  and  St.  Louis  Black-Seeded 
Forcing.  The  exact  differences  between  Defiance  and  Emperor  William  have  not 
yet  been  made  out  by  the  writer,  except  that  the  latter  variety  is  dullest  green  in 
color. 

Synonyms, — Always  Ready,  Perpignan,  Plant  Seed  Company's  Standwell,  Stand- 
well,  Slow  Seeder,  Stubborn  Seeder. 

Confusing  name. — Manns'  Defiance  Summer,  a  very  different  type  of  lettuce. 

History.  —First  listed  by  American  seedsmen  about  sixteen  years  ago  and  deBcribed 
at  that  time  as  an  improvement  on  Perpignan. 

Illustrations. — ^The  habit  of  the  mature  plant  is  similar  to  that  shown  of  Empieror 

William  on  Plate  IX,  and  the  leaf  is  perhaps  most  like  Tennis  Ball  Black-Seeded  of 

the  kinds  illustrated.  

BEKSITY. 

Listed  by  one  seedsman.    Seeds  tested:  Henderson,  1902,  1903. 

Description. — A  fairly  crisp  variety,  strictly  cabbage- heading,  very  small,  very  early, 
and  soon  forming  a  seed  stalk,  but  for  an  extra  early  sort  very  slow  to  shoot  to  seed. 
Plant  remarkably  compact  and  forming  a  globular,  extremely  hard,  very  well  blanched 
head,  with  its  leaves  tightly  drawn  over  one  another,  but  their  borders  so  twisted  and 
turned  as  to  produce  a  torn  effect  or  bursted-like  head ;  no  distinct  separation  between 
head  proper  and  outer  leaves  of  plant,  the  whole  being  nearly  all  head.  Leaves  broad 
in  shape,  excessively  blistered,  crumpled,  and  twisted,  very  thick  and  stiff,  finely 
serrate  at  margins,  frilled  at  borders.  Color  dark  dull  green,  with  a  narrow,  faint 
dull  brown  border,  and  generally  sparingly  tinged  with  faint  dull  brown  in  exposed 
parts;  never  spotted;  inner  head  leaves  and  stem  of  plant  wholly  green.  Quality 
excellent;  exceedingly  sweet,  tender,  and  fine  flavored.    Seeds  small,  whitish. 

Comparison. — New  and  as  yet  used  in  this  country'  for  experimental  plantings  only. 
Of  the  very  best  in  quality  and  slower  to  shoot  to  seed  than  other  varieties  of  equal 
earliness,  but  too  small  to  be  of  much  value,  except,  perhaps,  for  forcing  in  frames. 
Amateurs  may  find  the  variety  interesting,  but  for  real  usefulness  the  Mignonette 
variety  is  decidedly  better.  Excepting  for  color  and  size,  it  is  very  much^ike 
Mignonette,  but  otherwise  it  is  very  distinct  and  not  easily  confounded  with  that  or 
any  other  variety. 

Synonym.  — Miniature. 

History. — Named  and  first  introduced  by  Peter  Henderson  &  Co.  in  1902. 

Illustrations. — A  mature  plant  of  the  variety  is  shown  on  Plate  VII.  The  side  view 
of  Mignonette  on  the  same  plate  also  illustrates  the  type.  The  longitudinal  section 
resembles  that  of  Tom  Thumb  on  Plate  XIX. 
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BBNVEB  MARKET. 

Listed  by  one  hundred  and  twenty-three  seedsmen.  Seeds  tested:  Barteldes,  1902; 
Burpee,  1901-1903;  Ferry,  1899-1901;  Thorburn,  1901-1903. 

Description. — A  decidedly  crisp  vftriety,  fairly  cabbage- head  log,  large,  medium  in 
size,  late-intermediate  in  season,  very  slow  to  shoot  to  8ee<i.  Plant  compact  or 
slightly  spreading,  upright  in  habit,  and  forming  an  oval,  firm,  or  somewhat  soft, 
well  blanched,  well  defined  head,  with  ite  leaves  closely  overlapping  one  another, 
while  the  outer  leaves  of  the  plant  are  often  bo  separated  from  the  head  proper  as  to 
leave  the  latter  very  bare  or  exposed.  Leaves  short  spatulate  in  sha{>e,  excessively 
blistered  and  crumpled,  fairly  twisted  and  stiff,  very  thick,  finely  serrate  at  margins, 
exce«?ively  frilled  at  borders.  Color  very  light  green,  never  spotted  nor  brownish 
in  any  part.  Quality  poor;  hard  in  texture,  coarse  and  rank  in  flavor,  or  at  least 
lacking  sweetness  and  delicacy.    Seeds  large,  whitish. 

Onnparison. — A  popular  variety  in  the  United  States,  though  not  one  of  the  ten 
most  largely  grown  sorts.  Best  known  in  the  Middle  West,  where  it  is  a  favorite  for 
forcing,  but  not  now  so  largely  grown  under  glass  as  formerly.  A  satisfactory  market 
gardener's  lettuce,  and  good  for  summer.  On  accoimt  of  its  poor  quality  not  recom- 
mended to  private  gardeners.  The  most  blistered  and  crumpled  leaved  of  all  varie- 
ties, and  this,  together  with  its  beautiful  color,  makes  it  one  of  the  most  handsome 
lettu<*e8  in  cultivation.  Very  distinct  and  hardly  comparable  with  other  varieties. 
Perhaps  more  like  Hanson  than  any  other  variety,  but  not  closely  resembling  it,  as 
sometimes  described. 

Synonyms. — Denver  Market  Forcing,  Barteldes  Denver  Market,  Kansas  City 
Market,  Kansas  City  White-Seeded  Forcing,  Dayton  Market,  Cincinnati  Market, 
Early  Ohio,  Ohio  Cabbage,  Golden  Forcing,  Sutton's  Favorite,  Ritter's  Forcing, 
W^eber's  Curled. 

History. — Introduced  by  F.  Barteldes  &  Co.  in  1890. 

lUitstralions. — ^The  mature  plant  is  not  well  shown  by  any  of  the  illustrations,  but 
the  habit  may  be  described  as  between  that  of  Hanson  and  Black-Seeded  Simpson 
on  Plate  I,  though  the  variety  is  much  more  blistered  in  the  leaf  and  the  heads  are 
more  elongated  than  shown 'in  either  of  these  illustrations.  A  leaf  of  the  variety  is 
shown  on  Plate  XXVI.  The  young  plant  is  similar  to  that  shown  of  Hanson,  on 
Plate  XXII. 

DETBOIT  MABKET  OABBEKEB'S  FOBCINO. 

Listed  by  three  seedsmen.    Seeds  tested:  Burpee,  1901;  Ferry,  1899-1903. 

Description. — A  decidedly  crisp  variety,  bunching  under  glass,  but  semicabbage- 

heading  outdoors,  large,  late-intermediate  in  season,  slow  to  shoot  to  seed.     Plant 

compact,  upright  in  habit,  sometimes  forming  a  tallish,  dense  bunch  of  leaves,  but 

more  generally  when  well  grown  outdoors  forming  an  oval,  somewhat  pointed  head, 

hard  and  well  blanched,  its  outside  leaves  tightly  and  flatly  overlapping  one  another 

at  their  lower  part,  but  turning  loosely  outward  at  their  uppermost  portion,  and 

thereby  surrounding  the  head  with  a  loose  leaf  growth  and  much  obscuring  it. 

Leaves  broad  in  shape,  fairly  blistered,  crumpled  and  twisted,  very  thick,  stiff,  and 

coarse  in  appearance,  with  heavy  veins  and  a  large  protruding  midrib,  finely  serrate 

margins,  and  excessively  frilled  borders.     Color  a  distinct  very  light  green,  never 

spotted  nor  brownish  in  any  part.    Quality  good;  crisp  and  firm  in  texture,  sweet  in 

flavor.    Seeds  large,  whitish. 
Comparison. — Popular  around  Detroit  and  parts  of  Michigan,  but  little  planted  or 

known  elsewhere.     With  Grand  Rapids,  Black-Seeded  Simpson,  and  White  Star  it 

comprises  one  of  the  four  most  largely  grown  varieties  used  for  forcing  around 

Detroit.    Claimed  to  stand  more  heat  and  to  be  forced  quicker  to  maturity  than  any 

other  variety  of  thesame  size.    Three  crops  are  raised  in  the  time  required  for  growing 
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two  of  other  sorts.  Strictly  a  market  ^i^rdener'  s  yariety  and  good  for  summer  growing. 
Not  recommended  for  home  use.  When  grown  under  glass  it  is  very  similar  to 
Black-Seeded  Simpson  and  Grand  Rapids  Forcing,  but  outdoors  the  habit  is  very 
distinct,  and  perhaps  more  like  Hanson  than  any  other.  The  color  also  is  pecoliar, 
and  perhaps  the  lightest  green  of  the  crisp  sort^^. 

Synonyms, — Engel's  Forcing,  Wallbaurer. 

History. — Named  and  introduced  by  D.  M.  Ferry  &  Co.  in  1895. 

IJlustralions. — A  mature  plant  of  the  variety  is  shown  on  Plate  IX.  The  young 
plant  and  leaf  are  similar  to  those  shown  of  Hanson  on  Plates  XXII  and  XXVI, 
respectively. 

BWABF  WHITE  HEABT  COS. 

Listed  by  six  seedsmen.    Seeds  tested:  Burpee,  1899,  1901-1903. 

Comparison. — Scarce  and  rarely  planted.  Except  that  it  is  more  dwarf  in  habit, 
very  similar  to  Paris  White  Cos,  and  probably  the  same  in  usefulness  and  value. 
Further  trials  are  necessary  before  all  the  differences  can  be  definitely  stated. 

History. — Named  and  introduced  into  this  country  in  1895  by  W.  Atlee  Burpee  & 
Co.    It  is  said  by  them  to  be  a  foreign  sort. 

Illustrations. — Similar  to  that  of  Paris  White  Cos. 

EABIilEST  CTTTTINa. 

Listed  by  one  seedsman.    Seeds  tested:  Dallwig,  1900-1903. 

Description. — A  decidedly  butter  variety,  strictly  bunching,  small-medium  in  sire, 
early-intermediate  in  season,  shooting  to  seed  at  an  intermediate  date.  Plant  dedd- 
edly  loose  and  straggling  and  leaves  too  few  for  blanching  to  any  extent.  Leaves 
spatulate  in  form,  decidely  cup-shaped,  very  smooth,  never  blistered,  crumpled,  nor 
twisted,  fairly-thick,  very  limp,  entire  at  margins,  flat  at  borders.  Color  light  green, 
never  spotted  nor  brownish  in  any  part.  Quality  fair;  slightly  buttery,  soft  in  text- 
ure, but  much  lacking  in  delicacy  and  sweetness.    Seeds  whitish. 

Comparison. — Scarce  and  rarely  planted  in  the  United  States.  One  of  the  most 
loose-leaved,  straggling,  unattractive  varieties  tested  at  Washington.  It  furnished 
only  a  few  leaves  and  seemed  wholly  undesirable  in  every  way.  Possibly  a  good 
sort  in  other  countries,  but  wholly  undesirable  in  this  locality.  Very  distinct  and 
hardly  comparable  with  any  other  variety.  The  most  loose-leaved  of  the  cabbage 
varieties  and  its  leaves  more  incurved  than  any  other  lettuce. 

Confusing  names. — Earliest  of  All  and  Earliest  Forcing,  both  different  types  from 
Earliest  Cutting. 

History. — First  listed  in  this  country  by  W.  E.  Dallwig,  who  states  the  seed  was 
obtained  in  Germany. 

rUustraiions. — A  mature  plant  and  leaf  of  the  variety  are  shown  on  Plates  VIII  and 
XXIII,  respectively. 

EABIiT  CTTBIiEB  SILESLA.. 

Listed  by  one  hundred  seedsmen.  Seeds  tested:  Barteldes,  1901;  Bowen,  1901; 
Buist,  1901;  Burpee,  1900-1902;  Ferry,  1899;  Johnson  &  Stokes,  1901;  Landreth, 
1899, 1902;  J.  M.  McCuUough,  1901;  Price  &  Reed,  1901;  Thorbum,  1903;  Vaughan, 
1901. 

Description. — As  known  in  this  country  about  fifteen  years  ago,  this  variety  wsb 
distinct  from  Early  Curled  Simpson,  being  narrow-leaved  and  more  open  in  habit, 
but  to-day  the  latter  variety  seems  to  be  used  almost  w^holly  in  filling  orders  for 
Early  Curled  Silesia,  so  that  the  type  as  formerly  known  seems  to  be  very  scarce  or 
possibly  wholly  gone  out  of  use. 

History. — Known  in  this  country  for  at  least  seventy-four  years  and  in  European 
countries  for  a  much  longer  time.    Apparently  one  of  the  first  varieties  cultivated. 
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EABLT  CTTSIiED  SIMP80K. 

Listed  by  one  handred  and  forty  seedsmen.  Seeds  tested:  Barteldes,  1901;  Buist, 
1901;  Burpee,  1901;  Farquhar,  1901;  Ferry,  1900,  1901;  Henderson,  1901;  Johnson 
A  Stokes,  1899;  Landreth,  1903;  Price,  1901;  Tait,  1901;  Thorburn,  1899,  1901,  1903. 

Description, — A  decidedly  crisp  variety,  strictly  bunching,  large-medium  in  size, 
early  marketable  but  intermediate  in  time  of  attaining  fullest  development,  slow  to 
shoot  to  eeed.  Plant  spreading  and  forming  a  rounded  to  low  V-shaped,  well- 
blanched,  fairly  dense  cluster  of  leaves,  more  or  leas  open  or  spread  out  at  the  center 
and  never  cabbage-like,  though  sometimes  very  dense.  Leaves  short  spatulate  to 
broad,  much  blistered  and  crumpled,  fairly  twisted,  thick  and  stiff,  serrate  at  mar- 
gins, much  developed  and  frilled  at  borders.  Color,  very  light  green;  never  spotted 
nor  brownish  in  any  part  Quality  fair;  sweet  in  flavor,  somewhat  hard  and  coarse 
in  texture.    Seeds  laige,  whitish. 

Comparison. — Under  this  or  some  other  name  one  of  the  ten  most  largely  used  let- 
tuce typeH  of  the  United  States.  About  thirty  years  ago  more  largely  planted  than 
any  other.  Grown  in  all  parts  of  this  country,  but  less  in  the  South  than  other  parts, 
and  more  used  in  the  West  than  in  other  sections.  Its  wide  use  is  due  to  its  relia- 
bility, as  it  is  certain,  even  under  hard  treatment,  to  make  some  good  leaves.  For 
this  reason  it  is  often  one  of  the  most  satisfactory  varieties  for  home  use,  though 
where  lettuce  can  be  well  grown  other  sorts  of  more  delicate  flavor  are  recommended 
to  the  amateur.  Possibly  under  some  conditions  more  satisfactory  than  Black-Seeded 
8im])soii  or  any  other  variety  of  its  class,  but  for  general  use  the  former  variety  or 
Morse  is  more  satistactory.  These  two  varieties  and  Golden  Curled  more  closely 
resemble  it  than  other  sorts. 

Synonyms. — Early  Curled  White-Seeded  Simpson,  Early  White-Seeded  Simpson, 
White-SecKied  Simpson,  Perpetual,  Crisp  and  Tender,  I^a  Crosse  Market. 

Confunng  names, — Black-Seeded  Simpson,  Early  Curled  Black-Seeded  Simpson. 

History. — Listed  by  seedsmen  in  this  country  for  at  least  thirty-nine  years.  Said 
to  have  originated  with  Mr.  Simpson,  a  market  gardener  near  Brooklyn,  N.  Y. 

Illustrations. — A  mature  plant  and  leaf  of  the  variety  are  shown  on  Plates  IV  and 
XXV,  respectively.    The  young  plant  is  similar  to  that  of  Hanson,  on  Plate  XXII. 

EHPEBOB  FOBCINO. 

Listed  by  five  seedsmen.  Seeds  tested:  Bridgeman,  1901 ;  Michell,  1900;  Thorburn, 
1899-1903. 

Description. — A  decidedly  butter  variety,  strictly  cabbage-heading,  very  small, 
extremely  early,  and  shooting  to  seed  at  once  in  hot  weather.  Plant  very  compact 
and  forming  a  globular,  firm,  well-defined,  well-blanched  head,  with  its  leaves  fiatly 
and  completely  overlapping  one  another.  Leaves  broad  in  shape,  blistered,  crumpled, 
little  twisted,  fairly  stiff  and  thick,  entire  at  margins,  fiat  or  partly  blistered  at  bor- 
ders. Color,  medium  green;  never  spotted  nor  brownish  in  any  part.  Quality  good; 
sweet,  battery  in  flavor,  soft  in  texture.    Seeds  very  small,  whitish. 

Comparison. — Little  known  or  planted.  Suitable  only  for  forcing  and  being  the 
earliest,  smallest,  and  most  compact  of  all  varieties  except  perhaps  White  Forcing  it 
would  seem  to  be  the  best  suited  for  cold  frames  or  hotbed  culture,  but  decidedly 
too  small  for  general  greenhouse  use.  Wholly  unfit  for  amateurs  or  for  outdoor 
culture.  The  plant  may  be  described  as  a  nnniature  Hubbard's  Market.  Same 
exactly  as  that  variety  in  habit  and  also  similar  to  Lee's  Market  Forcing. 

Synonym. — Precocity. 

Oonfiiging  name. — Emperor  William,  which  is  a  very  different  type  of  lettuce. 

History. — Apparently  first  listed  in  this  country  in  1881  by  James  J.  H.  Gregory 
&  Son,  who  described  it  in  their  catalogue  of  that  year  as  of  Grermau  origin. 
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Illugtratixms, — The  habit  of  the  variety  is  well  illustrated  by  Cahfomia  Cream  But 
ter,  on  Plate  VIII,  but  the  size  is  about  same  as  White  Forcing,  on  Plate  VTI.  Thi 
longitudinal  section  is  similar  to  Mette's  Forcing,  on  Plate  XIX,  and  the  leaf  U 
Tennis  Ball  Black-Seeded,  on  Plate  XXIII,  but  less  blistered. 

EMPEBOB  WTLIilAM. 

Listed  by  two  seedsmen.  Seeds  tested:  Stumpp  &  Walter,  1902;  Thorbun^ 
1902,  1903. 

Description. — A  decidedly  butter  variety,  strictly  cabbage-heading,  laige-ruedian 
in  size,  intermediate  in  season,  slow  to  shoot  to  seed.  Plant  spreading,  loo£«e,  and 
forming  a  gobular,  imperfectly  defined,  somewhat  firm,  well  blanched  head,  with 
leaves  very  imperfectly  and  loosely  overlapping  one  another.  I^eaves  broad  in  shapes 
fairly  blistered,  crumpled,  thick,  and  stiff,  entire  at  margins,  flat  at  borders.  Coloi 
medium  dull  green,  fairly  spotted,  sparingly  tinged  in  places  with  faint  brown,  innei 
head  leaves  and  stem  of  plant  wholly  green.  Quality  good;  very  buttery,  fairly 
sweet,  soft  in  texture.    Seeds  blackish. 

Comparison. — New  and  probably  not  yet  planted  in  this  country  except  in  ao 
experimental  way.  Its  value  for  our  climate  has  not  yet  been  proved  at  Washington 
nor  in  any  other  place  so  far  as  known  by  the  writer.  It  seems  to  be  useful  in  the 
same  way  as  Defiance,  and  more  closely  resembles  that  sort  than  any  other.  SimUai 
also  to  German  Incomparable  and  St.  Louis  Black-Seeded  Forcing. 

Confusing  name. — Emperor  Forcing,  a  very  different  type  of  lettuce. 

History. — First  introduced  in  this  country  by  J.  M.  Thorburn  &  Co.  and  Stumpp 
&  Walter,  who  describe  it  as  of  European  origin. 

Illustrations. — A  mature  plant  of  the  variety  is  shown  on  Plate  IX.  The  leaf  is 
similar  to  but  less  blistered  than  that  shown  of  Tennis  Ball  Black-Seeded,  on  Plate 
XXIII. 

EUREKA. 

Listed  by  one  seedsman.     Seeds  tested:  Crosman,  1900-1903. 

De-^cription. — A  decidedly  butter  variety,  cabbage-heading,  very  large,  unusually 
late,  slow  to  shoot  to  seed.  Plant  extremely  loose,  ver>'  spreading,  and  fonning  a 
globular,  fairly-defined,  very  soft,  well-blanched  head,  with  leaves  regularly  and 
completely  overlapping  one  another,  but  with  loose  spaces  between  them.  Leav^ 
broad  in  shape,  much  blistered  and  crumpled,  little  twisted,  thin,  almost  limp,  ob- 
scurely crenate  at  margins,  broadly  undulate  at  Iwrders.  Color  very  bright  brown, 
of  a  distinct  shade,  and  interspersed  with  light  green  in  less  exposed  parts,  most 
deeply  colored  at  borders,  very  sparingly  spotted,  stem  of  plant  and  base  of  midrib 
light  pink  in  color,  inner  heart  leaves  sparingly  spotted  but  not  otherwise  colored. 
Quality  fair;  sweet,  buttery,  fairly  soft  in  texture.    Seeds  yellowish. 

Comparison. — Scarce  and  rarely  planted.  It  forms  a  large,  showy  head  when  well 
grown,  but  is  very  unreliable,  sometimes  more  open  ingrowth  than  any  other  butter 
variety  and  making  no  head  whatever.  Even  at  its  l)est  very  loose  in  habit  and  heads 
always  very  soft.  Of  little  prax^tical  value,  but  attractive  to  some  amateurs  because  of 
its  occasional  large,  showy  heads  and  i)eculiar  brilliant  red  color.  Perhaps  more  like 
Vick's  Hero  than  other  American  varieties,  though  far  more  even  and  reliable  than 
that  sort. 

Synonyms. — Copi>er  Head,  Pan-American. 

History. — Apparently  named  and  first  listed  by  Crosman  Brothers,  about  twenty- 
tliree  years  ago. 

EXPRESS  COS. 

Listed  by  two  seedsmen.     Seec^ls  tested:  Henderson,  1902,  1903;  Vaughan,  1903. 
Description. — A  typical  cos  variety,  strictly  self-closing,  medium  in  size,  early- 
intermediate  in  season  compared  to  the  butter  or  crisp  sorts,  but  very  small  in  size 


DESCRIPTION   OF   VABIETIE8.  47 

d  extremely  early  for  this  group;  intermediate  in  time  of  shooting  to  seed.  Plant 
ry  compact,  decidedly  upright  in  habit,  its  leaves  when  young  growing  straight 
d  flat,  but  when  older  the  innermost  ones  becoming  decidedly  spoon-shaped  and 
ikin^  a  Dvell-defined,  firm  head  of  decidedly  loaf-shaped  form  and  roundish  top, 

leaves  completely  but  not  tightly  overlapping  one  another,  but  with  the  outside 
es  so  ^-ell  separated  from  the  head  proper  as  to  leave  it  somewhat  bare  or  exposed. 
aves  oval  to  slightly  spatulate,  outermost  ones  with  smooth  surface,  and  flat,  inner- 
)et  ones  sparingly  blistered  and  more  or  less  cup-shaped,  both,  however,  exceed- 
gjy  regular  in  form,  and  thick,  stiff,  and  coarse,  but  never  in  the  least  twisted  nor 
Bmpled,  and  always  with  coarse,  hard  veins,  lai-ge,  hard  midribs,  entire  margins, 
d  flat  borders.  Color  very  dark  green,  never  spotted  nor  brownish  in  any  part. 
lality  excellent;  very  hard  in  texture,  but  exceedingly  sweet  and  crisp.  Seeds 
iiitisli. 
Co7npari8on,Sew  and  very  little  known  or  planted.    Previous  to  the  introduction 

this  variety  the  cos  lettuces  were  not  obtainable  till  late  in  the  season,  but  with 
e  ativent  of  this  new  sort,  which  is  decidedly  earlier  than  any  other  cos  variety, 
e  season  of  this  valuable  class  of  lettuce  has  been  greatly  extended.  Its  quality  is 
e  very  best  or  about  the  same  as  Paris  White  Cos,  while  it  is  also  reliable  and  as 
If-closing  as  any  other  cos  variety.  Excellent  either  for  the  home  or  market 
ETciener.  It  is  similar  to  Paris  White  Cos,  only  half  its  siise,  much  earlier,  and 
irker  green,  or  about  the  same  shade  of  green  as  Green  Cos. 

IliMory. — First  introduced  into  this  country  in  1902  by  Peter  Henderson  &  Co.  and 
aughan's  Seed  Store. 

Jlhigtrations. — A  mature  plant  and  leaf  of  the  variety  are  shown  on  Plates  XV  and 
XVI,  respectively.  The  longitudinal  section  is  similar  to  that  given  of  Paris 
rhite  Cos  on  Plate  XIX. 

OEBMAN  EABLT  HEAD. 

Listed  by  one  seedsman.  Seeds  tested:  Bridgeman,  1899-1903. 
Descriplicm. — A  fairly  butter  variety,  strictly  cabbage-heading,  small-medium  in 
ae,  early-intermediate  in  season,  and  shooting  to  seed  quickly  in  hot  weather. 
lant  extremely  compact  and  forming  a  globular,  well-defined,  firm,  well-blanched 
ead,  with  leaves  closely  overlapping  one  another.  Leaves  broad  in  shape,  fairly 
listered  and  crumpled,  little  twisted,  medium  thick  and  stiff,  obscurely  crenate  at 
lar^gins,  plainly  undulate  at  borders.  Color,  light  green,  sometimes  described  as 
olden  green;  never  spotted  nor  brownish  in  any  part.  Quality  good;  very  sweet 
nd  slightly  buttery  in  flavor,  of  a  crisp,  firm  texture  and  distinct  quality,  quite  dif- 
srent  from  most  butter  sorts,  or  somewhat  approaching  that  of  the  crisp  varieties. 
eeds  small,  whitish. 

Comparison. — Scarce  and  little  planted.  Reports  as  to  its  usefulness  and  value  for 
bis  country  have  not  come  to  our  notice.  It  has  always  done  well  at  \Va6hington 
n<l  api)ear8  to  be  a  desirable  variety,  useful  in  the  same  way  as  (iolden  Queen, 
nd  suitable  only  as  a  market  gardener's  lettuce  and  for  forcing  or  early  planting 
lutdoors.  More  like  Golden  Queen  than  any  other  sort,  differing  principally  in 
hat  the  shape  of  the  he^d  is  decidedly  globular,  the  color  darker  green,  and  margins 
rf  leaves  more  pronouncedly  crenate. 

CimfuMng  name, — German  Butter  Head,  a  very  different  type  of  lettuce. 

JlUstory. — Apparently  never  catalogued  in  this  country,  except  by  Alfred  Bridge- 
nan  &  Co.,  who  have  listed  it  for  at  least  eight  years. 

Illustrations. — No  good  examples  of  the  variety  are  offered  in  the  accompanying 
illustrations,  but  the  type  is  similar  to  that  represented  by  White  Forcing,  on 
Plate  VII. 


48  AMERICAN   VABIETIE8   OF  LETTUCE. 

OEBMAN  INCOMPARABLE. 

Listed  by  one  seedeman.    Seeds  tested:  Dallwig,  1902,  1903. 

Oomparison. — Scarce  and  little  grown.  Usefulness  and  valae  apparently  same  as 
Emperor  William,  and  except  that  its  leaves  are  not  spotted  it  is  prac^tically  the  same 
in  appearance  also. 

History, — Apparently  never  catalogued  in  this  country  except  by  W.  E.  Dallwig, 
who  first  listed  it  in  1902. 

lUustrcUions, — Same  as  for  Emperor  William. 

OLAJTC  OLACIEB. 

Listed  by  four  seedsmen.    Seeds  tested:    Burpee,  1901,  1903. 

Description. — A  decidedly  crisp  variety,  cabbage-heading,  very  late,  large,  slow  to 
shoot  to  seed.  Plant  extremely  loose  and  spreading,  central  part  somewhat  upright, 
especially  when  young.  Stem  large  and  long.  Head  globular  to  short  oval  in  shape, 
well  defined,  well  blanched,  its  leaves  regularly  overlapping  one  another  but  with 
loose  spaces  between  them,  and  head,  therefore,  soft,  although  the  leaves  composing  it 
are  very  thick  and  stiff.  Leaves  short,  spatulate  in  shape,  though  sometimes  as 
broad  as  long,  slightly  but  .coarsely  blistered  and  crumpled,  little  twisted,  ver>' 
coarse  in  appearance,  and  with  prominent  heavy  veins  and  a  large  protruding  midrib; 
margins  deeply  serrate;  borders  frilled.  Color  very  light  green,  never  spotted,  nor 
brownish  in  any  part.  Quality  fair;  coarse  and  hard  in  texture,  but  of  a  sweetness 
and  firmness  which  are  often  mnch  liked.    Seeds  large,  whitish. 

Comparison. — New  and  little  known.  As  yet  planted  in  this  country  only  in  an 
experimental  way.  Highly  recommended  by  introducers,  but  at  Washington  it 
made  a  late,  loose,  soft  head,  and  was  too  spreading  in  habit  to  be  recommended  for 
market  gardening  or  as  a  very  useful  variety  for  any  other  purpose.  Other  8ort8, 
like  Hanson,  are  decidedly  preferable  and  more  reliable.  Attractive  to  some  ama- 
teurs as  an  immense  showy  lettuce  and  capable,  perhaps,  of  growing  to  a  greater  siie 
than  any  other  cabbage-heading  variety.  Possibly  more  like  Drumhead  than  an? 
other  lettuce,  but  the  color  is  brighter  green,  habit  lower  growing,  and  heads  more 
globular.    Except  for  color,  very  similar  to  Tyrolese. 

Synonyms. — Burpee's  Giant  Glacier,  Maule's  Silver  Anniversary,  Silver  Anniversary. 

History. — Introduced  in  1900  by  W.  Atlee  Burpee  &  Co.,  who  state  that  the  variety 
originally  came  from  Italy. 

lUustrcUions. — A  leaf  of  the  variety  is  shown  on  Plate  XXV.  The  general  type  of 
the  plant  is  perhaps  better  illustrated  by  Tyrolese,  on  Plate  II,  and  Malta,  on  Plate 
XII,  than  by  any  of  the  accompanying  illustrations. 

OIANT  WHITE  COS. 

Listed  by  five  seedsmen.    Seeds  tested:  Burpee,  1899,  1901,  1902. 

Comparison. — Scarce  and  rarely  planted.  Of  the  same  general  character  as  Paris 
White  Cos,  but  less  reliable  and  self-closing  in  habit  and  not  so  desirable  for  this 
country  as  that  variety.  The  leaves  are  distinctly  different  from  those  of  Paris  White 
Cos,  or  more  grayish  green,  fiatter,  and  smoother,  as  well  as  conspicuously  widest  at 
top,  prominently  shouldered  at  upper  part  and  jagged  at  margins. 

History. — First  introduced  into  this  country  by  W.  Atlee  Burpee  &  Co.,  who  state 
it  to  be  of  foreign  origin.    It  was  listed  by  them  in  1882  as  Carter's  Giant  White  Cos. 

Jlhistrations. — A  leaf  of  the  variety  is  shown  on  Plate  XXVII.  The  general  type 
of  the  plant  is  best  illustrated  by  Express  Cos,  on  Plate XV,  and  Paris  White  Cos,  on 
Plate  XIX. 
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GOLDEN  CTTBLED. 

Listed  by  eight  seedsmen.  Seeds  tested-.  Beckert,  1899, 1900, 1903;  Landieth,  1899, 
1901,  1903;  Scott,  1901. 

Comparison. — One  of  the  lesser  grown  varieties.  Except  for  being  very  light  solid 
green,  the  same  as  Chartier,  already  described,  and  but  for  difference  in  color  iden- 
tical also  in  usefulness  and  value. 

Synonyms. — Beckert's  Golden  Curled,  Alaska,  White  Chartier. 

Histcry. — Listed  by  above  seedsmen  for  at  least  thirteen  years. 

lUustratums. — Same  as  for  Chartier, 

OOLBEN  HEABT. 

Listed  by  two  seedsmen.    Seeds  tested:  Childs,  1899,  1900, 1902. 

Description. — ^A  decidedly  butter  variety,  strictly  bunching,  very  large,  early-inter- 
mediate, quickly  shooting  to  seed.  Plant  very  spreading,  and  composed  of  a  loose 
cluster  of  leaves  very  open  at  the  center,  extending  flatly  over  the  ground,  to<j  loose 
for  blanching  to  any  extent,  and  occupying  a  great  amount  of  space.  Leaves  spatuiate 
in  shape,  much  blistered  and  crumple<l,  but  flat  and  regular  in  form,  never  twisted, 
very  loose,  thin  and  limp,  entire  at  margins,  flat  or  partly  blisten»d  at  borders.  Color 
medium  green,  never  spotted  nor  brownish  in  any  part.  Quality  poor;  of  a  some- 
what bitter,  rank,  wild  flavor,  almost  wholly  lacking  in  sweetness.     Seeds  whitish. 

Comparison. — Scarce  and  rarely  plantecl.  When  first  introduced  this  variety  seems 
*o  have  been  highly  recommended  and  was  probably  a  useful  sort;  but  the  type 
a»ppears  to  have  degenerated  or  changed  since  then,  for,  as  received  here,  it  was  a  very 
spreading  wild  lettuce  and  one  of  the  least  to  be  recommended  of  all  the  kinds  on 
trial.  It  is  especially  useless  in  hot  weather  and  shoots  to  seed  quicker  than  almost 
any  other  variety.  It  compares  more  favorably  with  other  varieties  in  remaining 
fit  for  use  in  cool  weather,  but  is  of  little  value  even  under  these  conditions,  because 
so  spreading  and  requiring  an  immense  amount  of  room  to  grow.  Quite  distinct 
from  other  sorts,  but  plainly  more  like  Middletownerthan  any  other,  especially  the 
wider-leave<i  plants.  It  is  very  similar  to  the  wild  plants  which  sometimes  appear 
in  Deacon,  White  Summer  Cabbage,  and  other  butter  varieties. 

Confusing  names. — Golden  Head,  Golden  Butter,  Golden  Curled,  all  different  types 
from  Golden  Heart. 

Uistory. — Named  and  introduced  by  W.  Atlee  Burpee  &  Co.,  in  1884,  as  Burpee's 
Golden  Heart,  but  not  catalogued  by  them  after  1890. 

lUustraiiom. — A  mature  plant  of  the  variety  is  shown  on  Plate  II.  The  leaf  is 
similar  to  that  of  Tennis  Bali  Black-Seeded,  on  Plate  XXIII,  except  that  it  is  more 
spatuiate  in  form. 

OOLBEN  aUEEN. 

Ustecl  by  twenty-seven  seedsmen.  Seeds  tested:  Bridgeman,  1900,  1901;  Burpee 
1900, 1901;  Dreer,  1903;  Henderson,  1899-1901, 1903;  Michell,  1900;  Thorbum,  1901, 
1902;  Weeber  fi  Don,  1903. 

Description. — A  fairly  butter  variety,  strictly  cabbage-heading,  small-medium  in 
size,  early,  shooting  to  seed  quickly  in  hot  weather.  Plant  extremely  compact,  and 
forming  a  heart-shaped,  somewhat  pointed,  fairly  defined,  firm,  well  blanched  head, 
with  leaves  completely  overlapping  one  another,  except  turned  characteristically 
backward  at  their  borders,  somewhat  like  the  petals  of  a  rose,  and  the  head  thereby 
somewhat  obscured.  Leaves  broad  in  shape,  blistered,  crumpled,  twisted,  thick, 
stiff,  entire  or  obscurely  crenate  at  margins,  flat  or  slightly  undulate  at  borders. 
Color  a  beautiful,  rich,  very  light  green,  sometimes  described  as  golden  green, 
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never  brownish  nor  spotted  in  any  part.  Quality  excellent;  very  sweet  and  slightly 
buttery  in  flavor  but  of  a  crisp,  firm  texture  and  distinct  quality  quite  different  from 
other  butter  varieties  or  somewhat  approaching  that  of  the  crisp  lettuces.  Seeds 
whitish,  small  or  medium  in  size. 

Comparison. — One  of  the  popular  varieties  of  the  United  States,  though  not  one  of 
the  ten  most  largely  grown  sorts.  Planted  everywhere  in  the  East  and  North.  A 
superior  forcing  variety,  especially  for  cold  frames  or  hotbeds,  and  good  for  early 
planting  outdoors,  but  not  suitable  for  summer  growing.  A  valuable  market  gar- 
dener's lettuce,  but  not  recommended  to  amateurs  for  planting  outdoors  unless 
startefl  early  and  well  grown.  For  a  rich,  golden  yellow  color  no  variety  is  more 
beautiful  or  desirable  than  this  one.  More  like  German  Early  Head  than  any  other 
lettuce.    Very  similar,  also,  to  Lee's  Market  Forcing  and  White  Forcing. 

Synonyms. — Henderson's  Golden  Queen,  Golden  Queen,  Stone  Head  Golden 
Yellow. 

Confusing  names. — Faust's  Queen  and  Yellow  Queen,  both  very  different  tjrpee 
from  Golden  Queen. 

History. — First  introduced  by  Peter  Henderson  &  Co.  about  fourteen  years  ago. 

Illustrations. — The  type  is  perhaps  best  illustrated  by  White  Forcing,  on  Plate  VH, 
though  about  twice  as  large  as  that  variety.  The  longitudinal  section  is  similar  in 
solidity  to  Matador,  on  Plate  XX. 

GOLDEN  SPOTTED. 

Listed  by  one  seedsman.     Seeds  tested:  Dal  1  wig,  1900-1903. 

Description.— A.  decidedly  butter  variety,  strictly  cabbage-heading,  small-medium 
in  size,  late-intermediate  in  season,  shooting  to  seed  at  an  intermediate  date.  Plant 
compact  and  forming  a  globular,  fairly  defined,  slightly  firm,  well-blanched  bead, 
with  leaves  closely  overlapping  one  another.  Leaves  broad  in  shape,  fairly  blistered, 
crumpled  and  thick,  little  twisted,  entire  at  margins,  flat  at  borders.  Color  bright 
green,  thickly  spotted  with  bright  brown.  Spots  very  striking,  evenly  distributed 
over  the  plant,  distinct  and  well  separated  from  one  another,  not  so  fine  or  so  maaed 
together  as  to  produce  the  effect  of  blotching  or  a  single  color;  inside  head  leaves 
also  spotted,  and  stem  of  plant  and  base  of  midrib  plainly  colored.  Quality  good; 
buttery,  sweet,  soft  in  texture.    Seeds  whitish. 

Owi;>ari«on.— Scarce  and  rarely  planted.  Too  small,  late,  and  unreliable  a  header 
to  be  generally  useful,  but  very  attractive  because  so  beautifully  spotted,  no  other 
variety  comparing  with  it  in  this  respect.  The  inner  heart  leaves,  or  thoee  which 
are  served  for  use,  are  not,  however,  very  distinctly  or  thickly  spotted;  and  for 
serving  on  the  table  the  Trout  variety  will  be  found  more  attractive  than  this  one. 
Only  about  one-half  the  plants  are  brightly  spotted;  the  others  approach  a  solid 
brown.    The  habit  is  the  same  as  Tennis  Ball  Black-Seeded. 

History. — W.  E.  Dallwig  is  at  present  the  only  American  seedsman  cataloguinfr 
this  variety.  It  was  listed  by  him  first  in  1888,  but  it  seems  that  W.  Atlee  Burpee 
&  Co.  and  others  had  listed  it  several  vears  before. 

Illustrations.— The  geheral  habit  is  illustrated  by  California  Cream  Butter,  on  Plate 
VIII,  though  the  variety  is  far  from  being  so  solid  or  so  perfect  as  "represented  in 
this  figure. 

GRAND  BAPIDS. 

Listed  by  one  hundred  and  sixty-four  seedsmen.  Seeds  tested:  Burpee,  1901; 
Ferry,  1900—1902;  Landreth,  1899,  1901;  Thorburn,  1899,  1901,  1903;  Vaughan, 
1901,  1903. 

Description.— A  decidedly  crfsp  variety,  strictly  bundling,  early-intermediate  in 
season,  quickly  shooting  to  seed.  Plant  very  spreading  when  young,  but  becoming 
fairly  compact  when  mature,  and  forming  a  loose,  rounded  cluster  of  leaves,  growing 
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cloee  enough  together  for  blanching  to  only  a  small  extent,  bat  when  well  grown 
never  spread  out  or  opened  at  the  center.  Leaves  short  spatalate  in  shape,  excess- 
ively blistered  and  crumpled,  slightly  twisted,  very  thick  and  heavy,  with  coarse 
veins,  lai^  protruding  midribs,  serrate  margins  and  with  borders  so  excessively  frilled 
and  largely  developed  as  to  comprise  the  larger  portion  of  the  visible  part  of  the 
plant.  Color  very  light  green,  never  spotted  nor  brownish  in  any  part.  Quality 
poor;  crisp,  but  hard  in  texture;  coarse  and  rank  in  flavor,  or  at  least  decidedly  lack- 
ing in  sweetness  and  delicacy.    Seeds  very  blackish;  extremely  hard  to  germinate. 

Comparuon. — Probably  one  of  the  ten  most  largely  grown  varieties  of  the  United 
Stat^.  The  favorite  for  forcing  in  the  West  and  other  markets  where  hothouse  let- 
tuce is  sold  by  weight  and  whose  markets  accept  a  bunching  variety.  It  has  largely 
replaced  Black-Seeded  Simpson  for  this  purpose.  At  Washington  it  does  not  succeed 
well  outdoors,  and  is  not  recommended  farther  south  than  this  latitude.  More 
easily  grown  in  greenhouses  than  almost  any  other  variety.  Stands  a  great  deal  of 
neglect  in  watering  and  ventilation.  A  splendid  shipper,  and  with  many  gardeners 
by  far  the  best  and  most  profitable  sort  for  growing  under  glass.  One  of  the  coarser 
varieties,  poor  in  quality  when  grown  outdoors,  but  becoming  tender  and  sweet 
when  grown  in  greenhouses.  More  like  Black-Seeded  Simpson  than  any  other,  not 
only  in  appearance,  but  also  in  usefulness  and  value.  Its  fringed  leaves  and  general 
habit  are  most  like  Boston  Curled.  The  young  plants  are  hardly  distinguishable 
from  Hanson  and  Black-Seeded  Simpson.  Grown  in  greenhouses  the  variety  is 
very  tall  and  upright  in  habit,  not  sua  described  in  the  above  notes  which  apply  only 
to  outdoor  specimens. 

Synompns. — Grand  Rapids  Forcing,  Grand  Rapids  Early  Forcing,  Mills'  Earliest. 

History, — Catalogued  by  D.  M.  Ferry  &  Co.  in  1890,  but  known  in  Grand  Rapids, 
Mich.,  ten  or  more  years  before  that  time.  It  is  said  to  have  originated  with  Mr. 
Eugene  Davis,  of  Grand  Rapids,  and  to  be  the  result  of  more  than  fifteen  years'  selec- 
tfon  of  Black-Seeded  Simpson. 

lUuttraiions. — A  mature  plant  and  leaf  are  shown  on  Plates  VI  and  XXV,  respec- 
tively. The  young  plant  is  similar  to  Hanson,  on  Plate  XXII.  The  general  char- 
acter of  the  longitudinal  section  is  illustrated  by  Prize  Head,  on  Plate  XXI. 

OKBEN  COS. 

Listed  by  ten  seedsmen.    Seeds  tested:  Landreth,  1899,  1901,  1902;  Rennie,  1903. 
ComparUon. — Scarce  and  rarely  planted.    Except  that  it  is  very  dark  green  in  color, 
its  description,  usefulness,  and  value  are  the  same  as  given  for  Paris  White  Cos. 
lUugtrcUions, — Same  as  for  Paris  White  Cos. 

OBEEN-FBINaSD. 

Listed  by  twenty-four  seedsmen.  Seeds  tested:  Burpee,  1899 — 1903;  Templin,  1899; 
Vaughan,  1901. 

Description.— A  decidedly  crisp  variety,  strictly  bunching,  small,  early-interme- 
diate in  season,  wilting  at  once  upon  being  pulled,  quickly  shooting  to  seed.  Plant 
growing  close  to  the  ground  and  composed  of  a  loose,  spreading,  very  regular,  rosette- 
like  cluster  of  leaves,  very  much  opened  or  spread  out  at  its  center  and  growing  flatly 
outward,  never  in  the  least  upright  nor  clustered  in  growth,  never  blanched.  I^eaves 
broad,  very  regular  in  form,  strictly  smooth,  rarely  blistered,  never  crumpled  nor 
twisted,  exceedingly  thick,  stiff,  and  hard,  veins  many,  large,  coarse,  and  conspicu- 
ous, mai^ns  finely  serrate,  borders  excessively  frilled  and  so  enormously  developed 
as  to  embrace  a  large  part  of  the  >asible  portion  of  the  plant.  Color  very  dull  green, 
never  spotted  nor  brownish  in  any  part.  Quality  very  poor;  tough  in  texture  and 
of  a  rank,  wild  flavor.    Seeds  whitish. 
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Comparison. — Little  known  and  rarely  planted.  A  novel  and  very  pretty  frin^ 
lettuce,  but  on  account  of  its  poor  quality,  small  size,  and  its  wilting  immediatelr 
upon  being  pulled,  of  little  use  except  for  garnishing  or  ornament.  Wholly  unfit 
for  marketing.  One  of  the  first  to  shoot  to  seed  in  hot  weather  but  slow  to  do  so  in 
the  autumn  or  in  cool  weather.  Not  suited  for  summer  growing.  More  hardy  to 
extreme  cold  than  any  other  variety  except  perhaps  Boston  Curled.  Very  distioct 
and  not  comparable  with  other  sorts.  The  thickest  and  hardest  veined  leaved  lettuce 
in  cultivation. 

Synonyms. — California  Curled. 

History, — Catalogued  by  American  seedsmen  for  at  least  fifteen  years. 

Illustrations. — A  mature  plant  and  leaf  of  the  variety  are  shown  on  Plates  III  and 
XXIII,  respectively. 

HALF  CENTT7BT. 

Listed  by  one  seedsman.    Seeds  tested:  Childs,  1899 — 1903. 

Description. — A  decidedly  butter  variety,  cabbage-heading,  medium  in  size,  early- 
intermediate  in  season,  shooting  to  seed  at  an  intermediate  date.  Young  plant  loose 
and  spreading.  Mature  plant  fairly  compact  when  well  developed,  and  forming  a 
globular  head,  with  leaves  closely  compacted  uprightly  and  irregularly  together, 
with  little  tendency  to  curve  inward  or  lay  flatly  over  one  another,  but  neverthe- 
less producing  a  firm,  well  blanched,  but  somewhat  bursted-like,  indistinctly  defined 
head.  Leaves  short  spatulate  in  shape,  strictly  smooth,  never  blistered  nor  crum- 
pled, much  twisted,  exceedingly  thick,  fairly  stiff,  entire  at  margins,  flat  at  border 
Color  very  dark  green,  plainly  brownish  at  lx)nier,  tinged  in  places  during  sonnr 
weather  but  very  little  or  not  at  all  during  cloudy  weather,  very  sparingly  spotted 
under  the  latter  conditions  and  appearing  as  if  wholly  green  unless  very  closely 
examined.  Quality  excellent;  fairly  buttery  in  flavor,  exceedingly  sweet,  delicate, 
and  tender,  and  with  enormously  thick  leaves  of  great  substance.    Reeds  blackish. 

Comparison. — Scarce  and  rarely  planted.  At  Washington  decidedly  the  most  ten- 
der and  delicate  flavored  of  all  varieties  tested.  It  is  recommended  to  amateurs  who 
want  a  lettuce  of  the  very  bei?t  quality.  On  account  of  its  unattractive  dark  color, 
uneven  shape,  and  tender  leaves,  which  break  upon  the  least  handling,  it  becomes 
wholly  unfit  for  market  gardening;  also  an  uncertain  header  and  unreliable  unlesi 
given  good  care.  Very  distinct  and  not  easily  compared  with  other  varieties.  Well- 
grown  specimens  sometimes  resemble  California  Cream  Butter. 

Synonym. — Childs'  Half  Century. 

History. — Named  and  first  introduced  in  this  country  about  1890  by  John  Lewis 
Childs,  who  states  that  the  seed  was  sent  to  him  by  Mrs.  Belle  Nance,  Newmarket, 
Ala.,  in  whose  family  it  had  been  grown  for  more  than  fifty  years. 

Illustrations. — A  mature  plant  is  shown  on  Plate  XVIII.  The  leaves  are  somt 
times  incurved,  similar  to  those  of  Yellow  Winter,  on  Plate  XXIV. 

HANSON. 

Listed  by  one  hundred  and  ninety-five  seedsmen.  Seeds  tested :  Burpee,  1 901 — 1 902: 
Dreer,  1900,  1901;  Farquhar,  1901;  Ferry,  1900,  1901;  Henderson,  1901;  Landretli, 
1899;  Maule,  1901;  Thorburn,  1899,  1901—1908. 

Description. — A  decidedly  crisp  variety,  strictly  cabbage-heading,  very  large,  very 
late,  extremely  slow  to  shoot  to  seed.  Plant  spreading,  but  not  loose  in  habit  and 
forming  a  globular,  extremely  hard,  well-defined,  well-blanched  head,  with  leaves 
very  flatly  and  tightly  overlapping  one  another.  Leaves  very  broad  in  shape,  fairly 
blistered,  crumpled  and  twi><tod,  very  thick,  stiff  and  coarse  in  appearance,  with 
heavy  veins  and  a  large  protruding  midrib;  margins  serrate;  bonlers  finely  frilled. 
Color  very  light  green,  of  a  shining  metallic  surface  rather  than  rich  and  glossy,  never 
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spotted  nor  brownish  in  any  part.  Quality  good;  exceedingly  crisp  and  fimi  in  tex- 
ture, and  very  sweet.     Seeds  large,  whitish. 

CompariJion, — Probably  one  of  the  thrtn?  most  largely  grown  varieties  of  tlie  Unite<l 
States.  Succeeds  well  everywhere  and  is  largely  planted  in  every  part  of  this  coun- 
try'. The  standard  summer  cabbage-heading  variety  for  either  the  home  or  market 
gardener.  Sure  hea<ler  and  relia})le.  AVholly  unsuited  for  wintering  over  or  grow- 
ing indoors.  More  like  Blonde  Block  Head  than  any  other  sort.  Iceberg,  Giant 
(ilacier,  and  New  York  are  other  closely  related  varieties. 

Synonyms. — Maule's  Hanson,  Dreer's  Hanson,  Brace's  Nonpareil,  Simon's  Non- 
pareil, Nonpareil,  Los  Angeles  Market,  Montreal  Market,  Hamilton  Market,  Evans' 
Hamilton  Market,  Toronto  Market,  Toronto  Gem,  Mastodon,  Excelsior,  Gardener's 
Friend,  Gardener's  Favorite. 

History. — Apparently  introduced  by  Henry  A.  Dreer. about  thirty  years  ago. 

niuMratidns. — A  mature  plant,  a  longitudinal  section,  a  young  plant,  and  a  leaf  of 
the  variety  are  shown  on  Plates  I,  XX,  XXII,  and  XXVI,  respectively. 

HABBINOER. 

Listed  by  one  seedsman.     Seeds  tested:  Livingston,  1903. 

Oomparigon. — New,  and  so  far  used  in  this  country  for  experimental  planting  only. 
The  trials  at  AVashington  have  not  yet  been  sufficient  to' determine  its  usefulness  and 
value  nor  to  make  it  possible  to  say  which  one  of  our  varieties  it  most  closely  resem- 
bles. It  is  evidently  a  distinct  sort,  similar  to  Tennis  Ball  Black-Seeded,  Reichner, 
and  Briggs*  Forcing  and  Garden,  but  at  Washington  not  nearly  so  reliable  for  out- 
dooTB  as  these  varieties.     Its  seeds  are  whitish. 

Hifiory. — First  introduced  into  this  country  by  George  A.  Weaver  &  Co.  in  1900,  but 
Dot  catalogued  by  them  in  any  other  year. 

HABDT  GREEK  HAMMERSMITH. 

Listed  by  four  seedsmen.  Seeds  tested:  Thorburn,  1899-1900;  Weeber  &  Don, 
1901-1903. 

Description. — A  butter  variety,  imperfectly  cabbage-heading,  small-medium  in  size, 
late,  shooting  to  seed  at  an  intermediate  season.  Plant  compact,  generally  forming 
no  real  head,  but  if  well  grown,  making  an  indistinctly  defined  head  of  somewhat 
elongated  shape  and  fairly  well  blanched  and  firm,  its  leaves  imperfectly  overlapping 
one  another  and  their  borders  somewhat  twisted  backward.  T^eaves  broad  in  shape, 
much  blistered,  crumple<l,  and  twisted,  very  thick  and  stiff,  entire  at  margins,  flat 
or  slightly  blistered  at  borders.  Color,  medium  green,  of  a  grayish,  very  dull,  unat- 
tractive shade;  never  spotted  nor  brownish  in  any  part.  Quality  poor;  slightly 
buttery,  but  coarse  and  almost  wholly  lacking  in  delicacy  and  sweetness.  Seeds 
whitish. 

Comparison. — Very  little  grown  and  of  little  value  except  for  its  hardiness  to  cold. 
Long  known  as  one  of  the  best  sorts  to  winter  over  outdoors,  for  which  purpose  only 
it  is  recommended.  One  of  the  poorest  of  all  varieties  in  quality,  and  although  not 
quick  to  shoot  to  seed  in  hot  weather  it  never  grows  well  in  summer,  and  has  always 
Ix^n  a  failure  at  Washington,  even  when  planted  very  early.  Succeeds  better  in  the 
autumn  than  in  the  spring,  but  rarely  makes  really  good  heads  under  any  circum- 
stances. Very  distinct,  but  if  a  comparison  is  made  it  might  be  said  to  be  more  like 
Tennis  Ball  Black-Seeded  than  anv  other  lettuce. 

Synonyms. — Hammersmith,  Hardy  Green  Winter. 

History. — One  of  the  oldest  of  all  varieties.  Known  in  this  country  for  at  least 
one  hundred  years. 
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HABTFORD  B&OKZEB  HEAD. 

Listed  by  one  seedsman.    Seeds  tested:  Cad  well  &  Jones,  1899-1902. 

Description. — A  decidedly  butter  variety,  strictly  cabbage-heading,  stnall-mediumiB 
size,  intermediate  in  season,  slow  to  shoot  to  seed.  Plant  very  compact  and  forming 
a  slightly  elongated,  somewhat  pointed,  indefinitely  defined,  very  firm,  well-blanehed 
head,  with  leaves  very  closely  overlapping  one  another,  except  theiruppennostborden!, 
which  are  characteristically  turned  and  twisted  backward.  This  habit  of  growth,  •» 
well  as  the  close  way  in  which  the  outer  leaves  are  drawn  toward  the  plant,  almost 
completely  obscures  the  head;  no  distinct  separation  between  head  proper  and  outer 
leaves  of  plant.  Leaves  very  broad,  fairly  blistered,  crumpled  and  twisted,  very 
thick  and  stiff,  entire  at  margins,  flat  at  borders.  Color  a  dark,  almost  solid  brown 
during  summer  weather,  but  bright  green  in  less-exposed  parts  during  spring  w 
cloudy  weather;  stem  of  plant  and  base  of  midribs  plainly  colored;  inner  he«i 
leaves  sparingly  spotted  and  often  rusty  colored  at  their  base.  Quality  excellent; 
buttery,  exceedingly  tender  and  sweet.    Seeds  blackish. 

Comparison. — One  of  the  lesser-grown  varieties.  More  widely  known  under  the 
name  of  Crisp  as  Ice.  Too  dark  brown  for  a  good  market  gardener's  sort,  but  one  of 
the  best  for  home  use,  as  it  is  perhaps  not  surpassed  by  any  except  Half  Century  in 
delicate  flavor  and  tender  quality.  Gocd  for  summer,  sure  header,  and  reliable,  bat 
very  late  in  season  for  so  small  a  variety.  More  like  Shotwell's  Brown  Head  than 
any  other,  and  so  much  like  it  as  often  considered  to  be  the  same;  in  fact,  that  type 
has  frequently  been  sold  for  Crisp  as  Ice.     After  this  variety  it  most  resembles  Trout 

Synonyms. — Bronzed  Head,  Crisp  as  Ice. 

Confusing  Names. — Batavian  Brown  Head,  Shotwell's  Brown  Head,  Brown  Curied. 
Bronzed  Red,  Bronzed  Curled,  all  different  types  from  Hartford  Bronzed  Head. 

History. — Named  and  introduced  in  1888  by  Cadwell  &  Jones,  who  state  that  the 
variety  originated  with  the  market  gardeners  of  Hartford,  Conn. 

Illustraiions. — A  longitudinal  section  is  shown  on  Plate  XIX.  The  crumpled  habit 
of  the  leaf  is  similar  to  that  of  Tennis  Ball  Black-Seeded,  on  Plate  XXIII. 

HEBO. 

Listed  by  one  seedsman.    Seeds  tested:  Vick,  1899-1901,  1903. 

Description. — A  butter  variety,  naturally  cabbage-heading  when  at  its  best,  bat 
bunching  under  ordinary  conditions,  large-medium  in  size,  very  late  in  season,  slow 
to  shoot  to  seed.  Plant  loose,  very  spreading,  and  forming  when  well  grown  a 
globular,  well-define<l,  very  soft,  fairly  blanched  head,  with  leaves  very  flatly  bnt 
loosely  overlapping  one  another,  and  with  open  spaces  between  them,  though  under 
ordinary  conditions  forming  a  very  open  cluster,  with  leaves  spreading  flatly  over 
the  ground  and  never  growing  close  enough  for  blanching  to  any  extent.  Leaves 
spatulate,  smooth,  very  little  blistered,  crumpled  and  twisted,  somewhat  thin* 
obscurely  crenate  to  entire  at  margins,  broadly  undulate  at  borders.  Color  a  pecnl- 
iar  light  brown,  no  more  colored  at  border  than  in  other  parts.  Very  different  in 
color  from  any  other  variety.  Quality  poor;  hard  in  texture,  decidedly  lacking  in 
sweetness  and  flavor.     Seeds  blackish. 

Comparison. — Scarce  and  rarely  planted.  Unreliable  and  too  loose  in  habit  and 
requiring  too  much  skill  and  care  for  growing  well  to  be  recommended  as  a  useful 
variety.  Wholly  unfit  for  market  gardening,  but  attractive  to  some  amateur  garden- 
ers because  of  its  peculiarly  brilliant  color  and  very  showy  heads  when  well  grown. 
Very  distinct  and  hardly  comparable  with  any  other  sort,  except,  on  account. of  its 
color,  sometimes  associated  with  Eureka. 

Synonym. — Vick's  Hero. 

History. — Named  and  introduced  in  1898  by  James  Vick^s  Sons,  who  state  that  the 
seed  originally  came  from  Germany. 
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HOTHOUSE. 

Listed  by  thirteen  seedsmen.    Seeds  tested:  Rennie  &  Pino,  1903. 

CHomparuon. — ^Well  known  and  extensively  used  in  the  East  to  grow  under  glass,  for 

tiich  purpose  it  is  probably  planted  in  New  England  more  than  any  other  variety, 
tlkongh  it  is  not  one  of  the  more  lai^ly  grown  lettuces  of  the  United  States.  A 
favorite  with  large  commercial  growers  and  superseding  the  smaller  Tennis  Ball 
"Wliite-Seeded  variety,  which  for  years  has  been  the  only  sort  used  in  New  England 
for  forcing.  It  is  strictly  a  market  gardener's  forcing  variety  and  is  wholly  unsuited 
for  amateurs  or  for  outdoor  planting.  When  grown  under  glass  Hothouse  is  decid- 
edly larger,  a  little  later  to  mature,  and  duller  green  in  color  than  Tennis  Ball  White- 
Seeded,  but  outdoors  the  description  given  of  the  latter  variety  applies  also  to  this 
one.  The  only  certain  distinction  between  the  two  when  grown  outdoors  is  in  the 
color  of  the  plants. 

Synomfms. — Elliott's  Hothouse,  Rawson's  Hothouse,  Johnson  &  Stokes's  Hothouse, 
Rennie  <&  Pino's  Hothouse,  Hotbed,  Glasshouse,  Thorbum's  Glasshouse,  Boston 
Glaashouse,  Noll's  Boston  Glasshouse,  Boston  Forcing  Tennis  Ball  White-Seeded, 
Boflton  Forcing,  Hittinger's  Belmont,  Hittinger's  Forcing,  Superb. 

History. — Introduced  about  thirteen  years  ago.  W.  W.  Rawson  &  Co.  listed  it  in 
1891  as  Rawson' 6  Hothouse. 

TUtigtraiiofxs. — The  general  type  of  the  plant  is  shown  by  California  Cream  Butter, 
on  Plate  VIII,  the  solidity  of  the  heads  by  Mette's  Forcing,  on  Plate  XVIII,  and 
the  leaf,  except  for  being  less  blistered,  by  Tennis  Ball  Black-Seeded,  on  Plate 

XX  in. 

HXTBBABD'S  MABKET. 

Listed  by  twenty-six  seedsmen.  Seeds  tested:  Ferry,  1900,  1901;  Harvey,  1899; 
Landreth,  1899;  Thorburn,  1899-1901,  1903. 

Description, — A  decidedly  butter  variety ,  strictly  cabbage-heading,  laige-medium  in 
size,  early-intermediate  in  season,  and  shooting  to  seed  at  an  intermediate  date. 
Plant  compact  and  forming  a  globular,  very  firm,  fairly  defined,  well-blanched  head, 
with  leaves  very  closely  overlapping  one  another,  but  more  inclined  to  meet  at  their 
margins  than  to  fold  overpast  the  center  of  the  head.  Leaves  broad  in  shape,  fairly 
blistered,  crumpled,  twisted,  thick  and  stiff,  entire  at  margins,  flat  at  borders.  Color 
medium  ^reen,  never  spotted  nor  brownish  in  any  part.  Quality  excellent;  sweet 
and  very  buttery  in  flavor,  soft  in  texture.    Seeds  whitish. 

Companion. — One  of  the  popular  varieties  of  the  United  States,  though  not  one  of 
the  ten  most  largely  grown  sorts.  Well  known  in  the  eastern  markets,  but  largely 
grown  and  succeeding  well  in  all  parts  of  the  country,  including  the  extreme  South. 
An  all-round  variety,  good  for  forcing,  wintering  over  outdoors,  and  early  spring, 
late  faU,  or  summer  growing,  for  all  of  which  it  is  largely  used.  One  of  the  best  either 
for  the  private  or  market  gardener.  More  like  White  Summer  Cabbage  than  any 
other,  in  fact,  as  somethnes  sold,  it  seems  identical  with  that  sort.  Very  similar  to 
Tennis  Ball  Black-Seeded,  differing  from  it  principally  in  being  a  little  darker  green, 
smoother,  and  thicker  leaved,  and  with  head  leaves  not  reaching  over  the  center  so 
completely. 

History. — Named  and  introduced  about  1875  by  Chase  Brothers,  nurserymen,  who 
were  handling  seeds  at  that  time.  It  is  said  to  have  originated  with  a  Mr.  Hubbard, 
of  Chautauqua  County,  N.  Y. 

SyTwnyms. — Hubbard's  Forchig,   Early  Cabbage,  Early  White  Cabbage,  Early 

^hite  Butter,  W^ood's  Cabbage,  Simon's  Early  White  Cabbage,  Early  Market,  Eich- 

ling's  Early  Market,  French  Market,  Steckler's  French  Market,  Dickmann's  St. 

Louis  Market,  Memphis,  Schindler's  Early  Market,  Early  Challenge,  Gold  Nugget. 
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lUustrcUions, — A  mature  plant  of  the  variety  is  shown  on  Plate  X.  The  solidity  oi 
the  heads  is  shown  by  Matador  on  Plate  XX,  and  the  leaves  are  Ijetween  those  of 
Tennis  Ball  Black-Seeded  and  Deacon,  both  on  Plate  XXIII. 

ICEBERG. 

Listed  by  seventy-four  seedsmen.  Seeds  tested :  Beckert,  1900;  Burpee,  1899-19(6; 
Darch  &  Hunter,  1900;  Livingston,  1901;  Thorbum.  1903. 

Description, — A  decidedly  crisp  variety,  strictly  cabbage-heading,  larsre,  late,  alow 
to  shoot  to  seed.  Plant  spreading,  but  not  loose  in  habit,  and  forming  a  globular, 
well-defined,  sometimes  very  exposed  or  bare,  extremely  hard,  well-blanched  head, 
with  leaves  very  completely  and  tightly  overlapping  one  another.  Leaves  unusaall? 
broad  in  shape,  fairly  blistered,  crumpled,  and  twisted,  very  thick,  stiff,  coarw  in 
appearance,  with  heavy  veins  and  a  laige  protruding  midrib;  margins  serrate;  bor- 
ders finely  frilled.  Color  light  green,  excepting  faint  brown  along  extreme  border 
and  occasionally  barely  tinged  in  other  parts,  never  spotted,  and  inner  head  leaves 
and  stem  of  plant  never  colored.  Quality  gooil;  exceedingly  crisp  and  firm  in 
texture,  very  sweet  but  not  buttery  in  flavor.    Seeds  large,  whitish. 

Comparison. — Well  known  and  largely  planted  in  all  parts  of  the  United  States, 
though  not  one  of  the  ten  most  laigely  grown  sorts.  A  standard  summer  cabbage- 
heading  lettuce  of  the  very  best  crisp  quality,  sure  header,  and  very  reliable.  Suit- 
able either  for  the  market  or  private  gardener,  especially  the  latter.  This  type  oi 
lettuce  is  generally  considered  unsuited  for  forcing,  but  some  have  tried  it  in  a  small 
Vay  in  greenhouses  and  reported  it  a  success.  Very  similar  to,  and  possibly  identi- 
cal with,  Marblehead  Mammoth.  Except  that  it  is  smaller  and  different  in  color« 
very  much  like  Hanson  and  New  York. 

Synonyms, — Burpee's  Iceberg,  Curled  India,  Large  India,  Weaver's  Market  Gar- 
dener's. 

History. — Named  and  introduced  into  this  country  in  1894  by  W.  Atlee  Burpee  & 
Ck>.,  who  state  that  the  variety  is  of  foreign  origin. 

Illustrations. — Same  as  for  Hanson. 

ITALIAN  ICE. 

Listed  by  one  seedsman.    Seeds  tested:  Koemer,  1900,  1901,  1903. 

Description. — The  seeds  of  this  variety  as  sold  in  the  United  States  for  the  past  ^ye 
years  have  always  been  very  poor  and  weak.  Its  germination  at  Washington  has 
been  uniformly  unsatisfactory  and  no  good  tests  of  it  have  been  obtained.  For  this 
reason  it  is  impossible  at  this  time  to  furnish  a  description  or  to  state  its  identity. 
It  is  plainly  distinct  from  any  other  variety,  and  the  description  of  Hanson  probably 
will  apply  very  nearly  to  it  except  only  that  the  margins  of  Italian  Ice  are  obecurely 
crenate  and  its  borders  plainly  undulate.    Its  seeds  are  whitish. 

History. — Listed  by  W.  Atlee  Burpee  &  Co.  in  1897,  but  never  afterwards. 

Illustrations. — A  mature  plant  of  the  variety  is  shown  on  Plate  XII. 

LACINIATED  BEAT7REGABB. 

Listed  by  one  seedsman.    Seeds  tested:  Salzer,  1901-1903. 

Description. — The  correct  type  of  this  variety  as  known  in  Europe  is  a  very  loose- 
bunching,  deeply  cut-leaved  lettuce,  but  the  sample  received  for  trial  in  1900  was 
Deacon,  and  those  of  the  other  years  were  Tennis  Ball  Black-Seeded,  both  of  which 
are  as  different  from  the  type  as  it  is  possible  for  a  lettuce  to  be. 

Comparison. — Probably  suitable  only  for  garnishing  or  ornament,  and  useful  in  the 
same  way  aa  Green-Fringed  and  Boston  Curled. 

History. — Listed  by  W^.  Atlee  Burpee  &  Co.  in  1884  and  James  J.  H.  Gregory  in 
1886,  and  figured  in  the  former  seedsman's  catalogue  of  the  year  mentioned. 
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ULKCASTEB. 

Listed  by  one  seedsman.     Seeds  tested:  Burpee,  189^1903. 

Datcription. — A  medium  butter  variety,  strictly  bunching,  medium  in  size,  early 
intennediate  in  season,  extremely  slow  to  shoot  to  seed.  Plant  growing  very  close 
to  the  fp^und  and  consisting  of  a  very  well-rounded,  symmetrical,  remarkably  com- 
pact, somewhat  firm,  well-blanched  cluster  of  leaves,  never  opened  nor  spread  out 
It  the  center,  and  only  slightly  more  dense  in  the  middle  than  in  other  parts. 
Leaves  very  much  twisted  together  in  the  head,  and  general  form  broad,  but  also 
iivided,  or  at  least  deeply  lobed,  the  separations  terminating  at  the  base  and  central 
part  consisting  of  one  large  lobe  comprising  the  larger  part  of  leaf,  while  the  loljes 
themselves  are  so  excessively  developed  as  to  make  the  leaf  appear  like  several 
growing  together.  Leaves  entirely  smooth,  thick,  stiff,  entire  at  marginn,  flat  at 
borders,  and  generally  with  distinct  glands  near  the  base  of  the  outer  part  of  the  mid- 
ribs, one  on  each  side.  Color  very  light  green,  never  spotted  nor  brownish  in  any 
part.  Quality  fair  to  poor;  hani  in  texture  and  somewhat  lacking  in  flavor,  sweet- 
ness, and  delicacy.     Seeds  whitish. 

Comparison. — Scarce  and  rarely  planted.  The  real  usefulness  and  value  of  this 
novel  variety  seem  to  be  little  known.  Under  canvas  it  did  better  at  Washington 
than  any  other  sort,  but  outdoors  the  Baltimore  Oak-Leaved  has  always  grown 
larger  and  proved  to  be  decidedly  the  best  of  the  lobed-leaved  varieties.  Attractive 
because  of  its  beautiful  light-green  color  and  fine  form.  More  like  Baltimore  Oak- 
Leaved  than  any  other  variety.  Next  to  this  most  like  Oak -Leaved.  Outside  of 
these  two  sorts,  wholly  different  from  other  varieties. 

HiMory. — Named  and  first  introduced  in  1898,  by  W.  Atlee  Burpee  &  Co.,  who 
state  that  the  seed  was  received  from  Mrs.  Mary  E.  Ringaman,  Stonycreek  Mills, 
Pa.,  in  1894. 

lUusirations.— The  variety  is  illustrated  on  Plates  XV,  XIX,  and  XXIV. 

liABGE  TELIiOW  MARKET. 

• 

Listed  by  two  seedsmen.     Seeds  tested:  Buist,  1900-1902;  Godden,  1902. 

Description. — A  decJdetlly  butter  variety,  strictly  cabbage-heading,  very  large,  late, 
slow  to  shoot  to  seed.  Plant  very  spreading,  loose  in  habit,  and  forming  a  glo])ular, 
well-defined,  soft,  or  slightly  firm,  well-blanched  head,  with  leaves  flatly  but  loosely 
overlapping  one  another.  Leaves  very  broad  in  shape,  much  blistered  and  crum- 
pled, little  twisted,  somewhat  thin,  almost  limp,  entire  at  margins,  flat  or  imrtly, 
blistered  at  borders.  Color  light  green,  never  spotted  nor  brownish  in  any  part. 
Quality  excellent;  mild,  delicate,  sweet,  buttery  flavor,  soft  texture.     Seeds  whitinh. 

Comparison. — Scarce  and  little  planted.  Probably  the  l)est  of  the  very  large,  light 
green  cabbage-heading  varieties,  and  especially  attractive  to  amateurs  who  denire  an 
immense  showy  lettuce  of  this  kind.  Good  for  either  private  or  market  gardeners. 
Wholly  unsuited  for  forcing.  Very  similar  to  and  possibly  identical  with  Paris  Sugar 
and  Burpee's  Butter  Head.  Also  resembles  Thick  Head  Yellow  and  Mammoth 
Black-Seeded  Butter. 

History. — A  foreign  sort  first  listed  by  American  seedsmen  al)out  fourteen  years 
ago  and  more  lai^ly  catalogued  at  that  time  than  at  present. 

lUustrcUums. — The  variety  is  not  well  shown  in  any  of  the  following  illustrations. 
That  of  California  Cream  Butter,  on  Plate  VIII,  perhaps  represents  the  tyjje  as  well 
as  any,  though  the  variety  is  much  looser  in  habit,  or  approaches  that  of  Red  Besson, 
on  Plate  XIII.  The  soliditv  of  the  heads  resembles  Matador,  on  Plate  XX.  The 
leaf  is  similar  to  Tennis  Ball  Black-Seeded,  on  Plate  XXIII. 
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LEE'S  MABEET  FORCING. 

Listed  by  one  seedsman.     Seeds  tested:  Lee,  1903. 

Description. — A  decidedly  butter  variety,  strictly  cabbage-heading,  sniall,  early, 
and  shooting  to  seed  quickly  in  hot  weather.  Plant  compact  and  forming  a  slightly 
heart-shaped  or  globular,  well-defined,  firm,  well-blanched  head,  with  leaves  closely 
overlapping  one  another  except  their  borders  turned  slightly  backward.  Leavei 
broad  in  shape,  blistered,  crumpled,  thick,  and  stiff,  entire  or  rarely  obscurely  crenate 
at  mai^ns,  flat  or  slightly  undulate  at  borders.  Color  medium  green,  never  spotted 
nor  brownish  in  any  part.  Quality  good;  sweet,  buttery  in  flavor,  soft  in  textate. 
Seeds  whitish. 

Cdmpariwn. — Scarce  and  little  known  or  planted,  but  highly  recommended  for 
trial  to  market  gardeners.  Its  usefulness  and  value  seem  to  be  the  same  as  Golden 
Queen  and  it  is  more  like  that  variety  in  appearance  than  any  other.  Also  resem- 
bles Emperor  Forcing  and  German  Early  Head. 

History, — Named  and  first  listed  by  Lee  Pioneer  Seed  Company. 

Illustrations, — ^The  variety  is  not  well  shown  by  any  of  the  following  illustrations. 
Hubbard's  Market,  on  Plate  X,  and  White  Forcing,  on  Plate  VII,  represent  the  type 
as  well  as  any. 

LIMAGNE  COS. 

Listed  by  one  seedsman.    Seeds  tested:  Maule,  1901-1903. 

Description, — New  and  little  known  or  planted.  Same  general  character  and  iwe- 
fulness  as  Paris  White  Cos.  Further  trials  are  necessary  before  the  differences 
between  the  two  can  be  fully  determined.  The  variety  is  said  to  be  a  great  favorite 
in  the  Paris  markets. 

History. — Introduced  into  this  country  by  William  Henry  Maule  in  1901, 

lUtistrations. — Same  as  for  Paris  White  Cos. 

MALTA. 

Listed  by  twelve  seedsmen.  Seeds  tested:  Comstock,  Ferre  &  Co.,  1901;  Simmere, 
1900. 

Description. — A  decidedly  crisp  variety,  cabbage-heading,  very  late,  very  large, 
shooting  to  seed  at  an  intermediate  date.  Plant  loose  but  pot  spreading  in  habit, 
very  upright  and  tree-like  in  growth  when  young.  Head  decidedly  oval  in  shape, 
fairly  defined,  well  blanched,  its  leaves  regularly  overlapping  one  another,  but  with 
loose  spaces  between  them,  and  head  therefore  soft,  though  the  leaves  composing  it 
are  very  stiff  and  thick.  Outer  leaves  of  plant  many  and  completely  surrounding 
and  much  obscuring  the  head  except  at  the  top,  which  portion  is  more  or  less 
exposed.  Leaves  short  spatulate  in  shape,  slightly  but  very  coarsely  blistered  and 
crumpled,  fairly  twisted,  very  coarse  in  appearance,  with  prominent,  heavy  veins, 
and  a  large,  protruding  midrib;  margins  serrate  to  obscurely  crenate;  borden 
coarsely  frilled  to  coarsely  undulate.  Color  very  light  green,  never  spotted  nor 
brownish  in  any  part.  Quality  poor;  decidedly  coarse  and  hard  in  texture,  but  ot 
a  firmness,  and  slightly  sweet  flavor,  which  is  much  liked  by  some.    Seeds  whitish. 

Comparison. — Well  known  but  little  planted.  Value  very  limited,  its  chief  recom- 
mendation being  immense  size.  Giant  Glacier,  Hanson,  or  New  York  are,  how- 
ever, generally  preferable  for  a  lettuce  of  this  kind,  and  both  private  and  market 
gardeners  are  advised  to  test  this  variety  in  their  gardens  before  planting  it  very 
largely.  The  habit  is  decidedly  too  loose  and  the  head  too  soft  to  be  generally  val- 
uable.   Habit  of  growth  very  similar  to  Tyrolese.     Color  most  like  Hanson. 

Synonyms. — Drum  Head,  Ice  Drum  Head. 

History, — A  foreign  sort.     Known  in  this  country  for  at  least  forty-four  years. 

Illustration. — A  mature  plant  of  the  variety  is  shown  on  Plate  XII. 
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iCAMMOTH  BliACK-SEEDED  BTTTTEB. 

Listed  by  thirty-three  seedsmen.  Seeds  tested:  Burpee,  1900-1903;  Ferry,  1900, 
1901;  Henderson,  1901. 

De9cription. — A  decidedly  butter  variety,  strictly  cabbage-heading,  large,  inter- 
mediate in  season,  late-intermediate  in  time  of  shooting  to  see<i.  Plant  spreading 
and  forming  a  slightly  oval,  firm,  or  somewhat  soft,  well-defined,  well-blanched  head, 
with  leaves  very  closely  overlapping  one  another.  Stem  of  plant  very  long,  and 
head  therefore  held  high  above  ground,  thereby  making  the  oval  shape  and  bare  or 
exposed  appearance  of  the  latter  very  pronounced.  Leaves  broad,  much  blistered 
and  crumpled,  little  twisted,  thin,  almost  loose  and  limp;  entire  at  margins,  fiat  or 
partly  blistered  at  bonlers.  Color  light  green,  never  spotted  nor  brownish  in  any 
part.  Qnality  excellent;  delicate,  sweet,  buttery  in  flavor,  soft  in  texture,  but  leaf 
thin  and  lacking  substance.    Seeds  blackish. 

Comparison. — One  of  the  ten  most  largely  grown  varieties  of  the  United  States. 
Planted  largely  in  the  East  and  North,  especially  by  New  York  City  market  garden- 
ers, who  recommend  it  as  one  of  the  best  for  fall  sowing.  Sure  hea<ler  and  reliable. 
Suitable  for  private  as  well  as  market  gardeners.  Stands  summer  well,  but  not  suited 
for  forcing.     More  like  Tennis  Ball  Black-Seeded  than  any  other  variety. 

Synonyr¥is. — All  Right  Spring  and  Autumn,  All  Right  Spring  and  Summer,  Mich- 
eirs  All  Right  Spring  and  Autumn,  MichelPs  All  Right  Spring  an<l  Summer,  Califor- 
nia AH  Head,  Mammoth  Large  Yellow  Butter,  Vaughan's  Mammoth  Cabbage  Head. 

Coilfusing  names. — Black-Seeded  Butter,  a  different  type  from  Mammoth  Black- 
Seeded  Butter. 

History. — Apparently  named  and  introduced  by  J.  M.  Thorburn  &  Co.,  al)out  four- 
teen years  ago. 

Illustrations. — The  general  character  of  the  variety  is  shown  by  California  Cream 
Butter,  on  Plate  VIII,  though  the  type  is  much  looser  than  in  that  figure,  or  some- 
what approaching  that  of  Red  Besson,  on  Plate  XHI.  The  solidity  of  the  heads  is 
illustrated  by  Matador,  on  Plate  XX,  and  the  character  of  the  leaf  by  Tennis  Ball 
Black-Seeded,  on  Plate  XXIII. 

MABBLEHEAB  MAMMOTH. 

Listed  by  nine  seedsmen.  Seeds  tested:  Livingston,  1900, 1901;  Schlegel&Fottler, 
1901;  Gregory,  1899,  1900;  Hastings,  1901. 

Comparison. — One  of  the  lesser  grown  varieties  of  the  United  States.  Usefulness 
and  value  same  as  Iceberg  and  possibly  identical  with  it.  Further  trials  are  neces- 
sary, however,  before  this  can  be  definitely  determined.  The  differences,  if  there 
be  any,  are  very  slight  and  unimportant. 

Synonyms. — Shum way's  Mammoth,  Tender  Leaf. 

History.— 'Samed  and  first  introduced  in  1886  by  James  J.  II.  Gregory  &  Son, 
who  state  that  the  variety  originally  came  from  Illinois. 

lUustralions. — Same  as  for  Hanson. 

MATABOB. 

Listed  by  one  seedsman.    Seeds  teste<i:  Henderson,  1903. 

Description. — A  decidedly  butter  variety,  strictly  cabbage-heading,  medium  in  size, 
early,  shooting  to  seed  at  an  intermediate  date.  Plant  compact  and  forming  a  globu- 
lar, very  well-defined,  firm,  well-blanched  head,  with  leaves  very  closely  overlapping 
one  another.  Leaves  cup-shaped  when  young,  very  broad  when  full  size,  fairly 
blistered  and  crumpled,  little  twisted,  somewhat  thin;  entire  at  margins,  fiat  or  partly 
blistered  at  borders.  Color  a  beautiful  light-brown  and  bright-green  distributed  in 
laige  blot(!hes  over  the  plant,  apparently  not  spotted,  but  in  sunny  weather  a  few 
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faint  spots  are  evident  on  close  examination;  stem  of  plant,  base  of  midribs,  and  inner 
heart  leaves  wholly  green.  Quality  good;  sweet,  very  buttery  in  flavor,  soft  in 
texture.    Seeds  whitish. 

Ckymparison. — Very  little  known  or  planted.  A  most  excellent  variety  and  highly 
recommended  to  both  market  and  private  gardeners  as  one  of  the  best  of  the  sore 
heading,  reliable,  early,  cabbage-heading  butter  sorts  for  fall  or  early  spring  planting. 
No  reports  of  its  use  for  forcing  have  yet  come  to  our  notice,  but  judging  from  oar 
trials  it  is  apparently  an  admirable  variety  for  that  purpose.  In  some  places  it  noay 
not  answer  as  a  market  gardeners*  variety  because  of  its  brown  color.  Not  suited  for 
summer  growing.  Usefulness  and  value  much  the  same  as  Victoria  Red-Edged  Cab- 
bage and  perhaps  as  much  like  that  variety  as  any  other.  In  respect  to  color  alone 
it  is  most  like  Brown  Head. 

Synonym. — First  Crop. 

History. — Named  and  first  introduced  into  this  country  by  Peter  Henderson  &  C6., 
in  1903. 

lUvstratUnu. — A  longitudinal  section  of  the  variety  is  shown  on  Plate  XX.  The 
habit  of  the  plant  is  illustrated  by  California  Cream  Butter,  on  Plate  VIII,  and  the 
character  of  the  leaves  by  Tennis  Ball  Black-Seeded,  on  Plate  XXIII. 


Listed  by  eleven  seedsmen.    Seeds  tested:  Thorbum,  1899-1901;  Vaughan,  1900- 
1901. 

Description. — A  decidedly  butter  variety,  strictly  cabbage-heading,  very  large,  late, 
slow  to  shoot  to  seed.  Young  plant  spreading,  very  regular  in  habit,  its  leaver 
straight  and  extending  flatly  over  the  ground.  Mature  plant  very  loose,  spreading, 
and  occupying  much  space.  Head  globular  or  oval  under  some  conditions,  soft  to 
somewhat  firm,  very  well  blanched,  its  leaves  very  flatly  but  loosely  overlapping 
one  another,  while  the  outer  leaves  of  plant  are  well  separated  from  the  head  proper, 
thereby  leaving  the  latter  quite  bare  or  exposed.  Leaves  broad  in  shape,  fairly 
smooth,  slightly  blistered,  crumpled  and  twisted,  and  on  account  of  their  great  siae 
and  weight,  outer  leaves  of  plant  often  falling  loosely  away  from  the  head  proper 
and  appearing  loose  and  limp,  though  really  thick  and  fairly  stiff;  margins  entire 
and  fringed  with  hair-like  bristles;  borders  flat.  Color  dull  dark  green,  freely 
spotted  with  dark  brown,  tinged  faintly  -in  places  with  medium  brown,  especially 
along  the  border,  but  never  colored  in  distinct  or  sharp  blotches,  and  inner  bead 
leaves  and  stem  of  plant  wholly  green.  Quality  good;  fairly  sweet,  very  buttery  in 
flavor,  and  with  thick,  soft  leaves  of  much  substance.  Seeds  blackish,  slightly 
more  brownish  than  most  blackish-seeded  sorts  and  sometimes  described  as  brown. 

Comparison. — New  and  as  yet  not  extensively  planted,  but  rapidly  coming  into 
favor  as  a  reliable  summer  variety  and  excellent  also  for  spring  or  autumn.  Not 
suited  for  forcing.  Claimed  by  introducer  to  make  a  larger  and  more  showy  head 
than  any  other  butter  variety.  Its  dull  dark  color  is  one  of  its  objectionable  features 
in  some  markets.  More  like  Sutton's  Giant  than  any  other  variety.  Next  to  this 
most  like  California  Cream  Butter.  In  color  and  first  early  growth  very  much  like 
Passion. 

Synompm. — Thorburn's  Maximum,  Elliott's  Leviathan,  Leviathan,  Hastings's 
Superba,  Superba,  Matchless,  Michell's  Matchless,  Midsummer,  Tait's  Midsummer, 
Immensity,  Henderson's  Immensity,  Summerlead,  Johnson  &  Stokes's  Summerlead. 

Hislory. — Named  and  first  introduced  into  this  country  in  1898  by  J.  M.  Thorbum 
&  Co.,  who  state  that  the  variety  was  obtained  in  France. 

Illustrations. — Two  mature  plants  of  the  variety  are  shown  on  Plate  XL  The 
solidity  of  the  heads  is  illustrated  by  Matador  on  Plate  XX,  the  habit  of  the  young 
plants  by  Passion  on  Plate  XXII,  and  the  chanu^ter  of  the  leaves  by  Tennis  Ball 
Black-Seeded  on  Plate  XXIII. 
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METTE'S  FOBCING. 

Listed  by  one  seedsman.    Seeds  tested:  Dallwis.  1899-1903. 

DescripHon. — A  decidedly  butter  variety,  strictly  cabbage-heading,  small,  very 
early,  shooting  to  seed  at  once  in  hot  weather.  Plant  very  compact  and  forming  a 
f^obular,  very  firm,  well-defined,  well-blanched  head,  with  leaves  closely  overlap- 
ping one  another  except  their  borders  very  characteristically  twisted  and  turned 
backward.  Leaves  broad,  always  very  regular  in  shape,  peculiarly  spoon-shaped 
when  young,  fairly  blistered,  crumpled,  thick  and  stiff,  entire  at  margins,  flat  at 
borders.  Color  medium  green,  never  spotted  nor  brownish  in  any  part.  Quality 
good;  fairly  sweet  and  buttery  in  flavor,  soft  in  texture.  Seeds  whitish,  small  to 
medium  in  size. 

Comparigon, — This  little  known  variety  is  highly  recommended  to  market  garden- 
ers as  an  excellent  forcing  sort  of  the  butter  class.  It  may  not  suit  those  who  prefer 
a  large-«ized  variety,  but  for  a  lettuce  of  its  size  no  variety  grew  better  at  Washing- 
ton than  this  one.  For  compactness,  solidity,  and  fine  form  no  variety  is  more 
desirable.  Not  recommended  to  private  gardeners  and  unsuited  for  summer  grow- 
ing. More  like  Emperor  Forcing  than  any  other  variety.  Its  habit  is  similar  to 
Hubbard's  Market.  Best  distinguished  from  these  two  sorts  by  its  peculiar  twisted 
borders. 

Stfnofiym, — New  Forcing. 

Hiriory. — Apparently  never  cataloged  in  this  country  except  by  W.  E.  Dallwig, 
who  hafi  listed  it  for  at  least  eleven  years.  The  name  was  changed  in  1902  to  New 
Forcing,  which  is  very  unfortunate,  as  under  such  a  designation  it  is  likely  to  be 
confused  with  other  names. 

lUustrations. — The  variety  is  illustrated  on  Plates  XVIII  and  XIX. 

MTDDLETOWNEB. 

Listed  by  one  seedsman.    Seeds  tested:  Weber,  1903. 

Description, — A  butter  variety,  strictly  bunching,  medium  in  size,  early  intermediate 
in  season,  quickly  shooting  to  seed  in  hot  weather.  Plant  very  spreading  and  con- 
sisting of  a  low-growing,  flattened  cluster  of  leaves,  very  open  and  spread  out  at  the 
center,  never  in  the  least  heading  in  habit  and  too  open  in  growth  for  blanching  to 
any  extent.  Leaves  spatulate  in  shape,  fairly  blistered  and  crumpled,  never  twisted, 
somewhat  thin,  serrate  at  margins,  frilled  at  borders.  Color  very  light  green,  never 
spotted  nor  brownish  in  any  part.  Quality  decidedly  poor;  hard  and  coarse  in  tex- 
ture, rank  and  wild  in  flavor.    Seeds  whitish. 

Comparison. — ^This  scarce  and  little  planted  variety  is  recommended  by  the  intro- 
ducer as  standing  more  cloudy  and  cold  weather  without  rot  or  injury  than  any  other 
lettuce  and  succeeding  during  winter  in  hotbeds  when  other  sorts  could  not  be  raised 
or  offered  for  sale.  No  other  reports  of  its  value  in  this  or  other  respects  have  come 
to  our  notice,  but  at  Washington  last  autumn  it  was  no  more  hardy  to  cold  than  our 
common  butter  varieties,  while  for  outdoor  use  during  spring,  summer,  and  fall  it 
was  more  wild  in  appearance,  spreading  in  growth,  required  more  room  to  grow  and 
perhaps  proved  to  be  the  least  to  be  recommended  of  all  varieties  tested.  Very  dis- 
tinct and  not  well  compared  with  other  varieties.  It  resembles  the  wild  plants  some- 
timea  found  in  Hanson,  Black-Seeded  Simpson,  and  Early  Curled  Silesia,  and  is 
similar  in  habit  to  Golden  Heart. 

Synonym. — Norwood. 

Hiseory.— Named  and  first  introduced  by  C.  H.  W.  Weber,  who  states  it  originated 
with  market  gardeners  of  Middletown,  Ohio. 
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MIGNONETTE. 

Listed  by  twenty-four  seedsmen.  Seeds  tested:  Burpee,  1899-1901;  Hendereoiif 
1901-1903;  Thorburn,  1901-1903. 

Description. — A  fairly  crisp  variety,  strictly  cabbage-heading,  small-mediam  in 
size,  early-intermediate  in  season,  slow  to  shoot  to  seed  for  so  early  a  sort.  Plant 
remarkably  compact  and  forming  a  globular,  extremely  hard,  very  well-blanched 
head,  with  leaves  tightly  drawn,  but  their  borders  so  twisted  as  to  produce  a  torn 
effect  or  bursted-like  head;  no  distinct  separation  between  head  proper  and  outer  part 
of  plant,  the  whole  being  nearly  all  head.  Leaves  broad  in  shape,  excessively  blk- 
tered,  crumpled,  and  twisted,  very  thick  and  stiff,  finely  serrate  at  margins,  frilled 
at  borders.  Color  dull,  very  dark  brown  wdth  dull  dark  green  in  less  exposed  pftrts^ 
darkest  brown  at  borders  of  leaves,  never  distinctly  spotted,  inner  head  leaves  and 
stem  of  plant  wholly  green.  Quality  excellent;  exceedingly  tender,  crisp,  and  sweet 
Seeds  very  blackish,  small  to  medium  in  size. 

Compainson. — One  of  the  lesser  grown  varieties.  An  excellent  sort  for  family  use, 
but  too  small  and  dark  brown  in  color  for  a  market  gardener's  lettuce.  Probably  the 
most  delicate  in  flavor  and  tender  in  texture  of  the  crisp  varieties.  Very  reliable  for 
spring  and  fall  sowing,  and  one  of  the  most  compact  and  hardest  heading  of  all  let- 
tuces. Excepting  for  color  probably  a  good  forcing  variety,  but  not  recommended 
for  summer.  Similar  to  Density,  differing  in  size,  earliness,  and  color,  but  not  closely 
resembling  any  other  variety.  The  darkest,  dullest  green  of  all  lettuces.  More  like 
Hartford  Bronzed  Head  in  color  than  any  other. 

Synonym.  — Del  icate. 

History. — Named  and  first  introduced  by  Peter  Henderson  &  Co.  in  1895. 

lUustralioiis. — A  side  view  of  the  variety  is  shown  on  Plate  VII.  The  upper  view 
is  very  similar  to  Density,  on  the  same  plate.  The  solidity  of  the  heads  is  illustrated 
by  Tom  Thumb  on  Plate  XIX. 


Listed  by  two  seedsmen.    Seeds  tested:  Vaughan,  1901-1903. 

Comparison. — Scarce  and  little  grown.  Very  similar  to  Victoria  Red-Edged  Cab- 
bage, and  possibly  identical  with  it.  Further  trials  are  necessary  before  the  differ- 
ences, if  any,  can  be  fully  determined. 

History. — Apparently  introduced  in  1901  by  J.  C.  Vaughan,  who  states  that  the 
variety  was  obtained  from  Vilmorin-Andrieux  &  Co.,  of  France. 

Illustrations. — The  type  of  the  plant  and  solidity  of  the  heads  are  illustrated  by 
California  Cream  Butter  and  Matador,  respectively,  the  former  shown  on  Plate  Vfll 
and  the  latter  on  Plate  XX. 

MOBSE. 

Listed  by  twenty  seedsmen.  Seeds  tested:  Burpee,  1899-1903;  Johnson  &  Stoker, 
1901;  Maule,  1900;  Vaughan,  1900-1901. 

Comparison. — One  of  the  lesser  grown  varieties.  Sometimes  called  a  white-seeded 
Black-Seeded  Simpson,  and  excepting  in  color  of  seed  the  description  of  the  varie- 
ties is  the  same.  Morse  is,  however,  more  blistered  in  the  leaves,  finer  frilled  at 
the  borders,  more  comi)act  in  habit,  more  inclined  toward  forming  a  cabbage-like 
head,  and  is  a  different  shade  of  green.  The  two  varieties  sometimes  can  not  be 
distinguished  unless  placed  side  by  side.  Their  usefulness  and  value  are  almost  the 
same,  but  for  some  soils  and  conditions  Morse  is  the  better  variety,  and  is  therefore 
recommended  for  trial  to  both  amateurs  and  market  gardeners. 

Synonym. — Hammond's  Earliest  Forcing. 
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Higtory. — Originated  by  Mr.  Lester  Morse,  of  Santa  Ciara,  Cal.,  from  some  white 
leds  selected  in  1892  out  of  Black-Seeded  Simpson.     It  was  named  and  introduced 
f  W.  Atlee  Burpee  &  Co.  in  1895. 
lUuaralians. — Same  as  for  Black-Seeded  Simpson. 

NANS£N. 

Listed  by  ^ve  seedsmen.    Seeds  tested:  Burpee,  1901-1903;  Germain,  1901. 

Description. — A  decidedly  butter  variety,  strictly  cabbage-heading,  medium  in  size, 
urly  and  shooting  to  seed  at  an  early  intermediate  date.  Young  plant  with  leaves 
>  very  upright  and  irregularly  twisted  as  often  to  appear  like  several  plants  growing 
igether.  Mature  plant  compact  and  forming  a  globular  head,  with  leaves  closely 
impacted  together  uprightly  and  irregularly,  or  with  little  tendency  to  curve  inward 
lid  fold  flatly  over  one  another,  but  nevertheless  producing  a  firm,  well-blanched, 
longh  somewhat  indefinitely  defined  head.  Leaves  broad,  at  first  wholly  smooth, 
at  at  maturity  slightly  blistered  and  crumpled,  also  much  twisted,  fairly  thick  and 
iff,  entire  at  margins,  flat  at  borders.  Color,  light  green;  never  spotted  nor  brown- 
ih  in  any  part.  Quality  excellent;  mild,  delicate,  sweet,  buttery  in  flavor,  soft  in 
!xture.     Seeds  whitish. 

Comparison. — New  and  little  known  or  planted.  An  excellent,  early  butter 
abbage-heading  variety  of  the  best  quality.  Suitable  for  forcing,  early  spring  or 
ill  growing,  and  adapted  for  either  the  private  or  market  gardener.  Not  so  well 
Qited  for  summer  growing  as  Deacon  and  Hubbard* s  Market.  Said  to  stand  a  great 
leal  of  frost  and  cold.     Very  similar  to  Hubbard^s  Market  and  Reichner. 

Synonyms. — Forty  Day,  North  Pole. 

History. — Introduced  into  this  country  by  Germain  Seed  Company  in  1898.  It  is 
aid  to  be  of  German  origin. 

Illustrations. — A  young  plant  of  the  variety  is  shown  on  Plate  XXII.  The  mature 
)Unt  is  perhaps  best  illustrated  by  Hubbard's  Market,  on  Plate  — ,  though  the 
eaves  do  not  overlap  one  another  so  completely  as  in  that  variety. 

NEW  YORK. 

Listed  by  eighty-one  seedsmen.  Seeds  tested:  Buckbee,  1899;  Farquhar,  1901; 
Henderson,  1900,  1901;  Landreth,  1901;  Thorbum,  1899,  1903. 

Description. — A  decidedly  crisp  variety,  strictly  cabbage-heading,  very  large,  late, 
atremely  slow  to  shoot  to  seed.  Young  plant  spreading,  though  central  portion 
upright  and  immature  head  decidedly  long.  Mature  plant  also  spreading  and  form- 
ing a  globular  or  slightly  oval,  very  hard,  well-blanched,  well-defined  head,  its  leaves 
rery  flatly  and  tightly  overlapping  one  another.  Leaves  broad  in  shape,  fairly  blis- 
tered, crumpled  and  twisted,  thick,  stiff,  and  coarse  in  appearance,  with  heavy 
veins  and  a  large  protruding  midrib;  margins  finely  serrate;  borders  frilled.  Color 
dark  green,  never  spotted  nor  brownish  in  any  part.  Quality  good,  exceedingly 
crisp  and  firm  in  texture,  very  sweet  but  never  buttery  in  flavor.  Seeds  large, 
whitish. 

Oomparison. — One  of  the  popular  varieties  of  the  United  States,  succeeding  every- 
where and  extensively  planted  in  all  parts  of  the  country.  Being  an  excellent 
*^ipper  it  is  a  favorite  variety  with  market  gardeners  about  New  York  City,  and 
^Bpecially  in  California.  Its  dull  dark  green  color,  however,  does  not  commend  it  to 
Bome  markets.  A  reliable,  sure-heading,  standard  summer  variety  for  either  the 
private  or  market  gardener,  and  of  the  beat  quality.  Wholly  unflt  for  forcing  or 
wintering  over.  Very  similar  in  habit  to  Blonde  Block  Head.  Ex(;epting  in  color 
niuch  like  Hanson  and  Iceberg,  and  distinguished  also  from  these  two  sorts  by  its 
*^Pnglit  habit  when  young. 
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Synonyma  —New  York  Market,  Henderson's  New  York,  Bonanza,  Schwfl 
Bonanza,  Queen,  Faust's  Queen,  Farmer  Seed  Company's  New  Ice,  Sterling,  \{\ 
ings's  Drum  Head,  Wonderful,  Wheeler's  Wonderful,  Webb's  Wonderful,  Neapolil 

Cmfusing  names.— ^ew  York  Black-Seeded  Butter,  New  York  Cold  Frame  Whl 
Cabbage,  New  York  Market  Gardener's  Private  Stock,  all  types  different  from  X< 
York. 

History. — Named  and  introduced  by  Peter  Henderson  &  Co.  in  1896. 

lUugtrcUions. — Same  as  for  Hanson. 

OAK-LEAVED. 

Listed  by  twenty-one  seedsmen.    Seeds  tested:  Maule,  1899, 1900. 

Comparison. — Scarce  and  rarely  planted.  Now  lai^ly  replaced  by  the  improvcl 
variety  known  as  Baltimore  Oak-Leaved,  which  is  more  compact  and  den$e  aii4 
with  leaves  more  developed.  The  true  type  of  Oak-Leaved  is  difficult  to  obtain,  a 
the  improved  variety  seems  to  be  used  almost  exclusivel>  in  filling  orders  for  Oak- 
Leaved. 

History. — First  listed  by  American  seedsmen  about  twenty  years  ago  and  describe! 
at  that  time  as  a  new  lettuce. 

Illustratums. — A  mature  plant  and  leaf  of  the  variety  are  shown  on  Plates  XVI  ami 
XXIV,  respectively.  A  longitudinal  section  is  similar  to  that  of  Lancaster  on  Pkto! 
XIX  only  more  loose  and  open. 

ONONDAGA. 

Listed  by  five  seedsmen.    Seeds  tested:  Burpee,  1899-1903;  Ebeling,  1901. 

Dencription. — A  decidecily  crisp  variety,  strictly  bunching,  intermediate  in  size  and 
season,  slow  to  shoot  to  seed.  Plant  low  gi-owing,  remarkably  compact,  and  con- 
sisting of  a  loose,  beautifully  well-rounded,  very  symmetrical  cluster  of  leaves,  never 
opened  nor  spread  out  at  the  middle,  and  never  in  the  least  cabbagelike  nor  solid  at 
the  center,  though  nevertheless  the  inner  part  is  well  blanched.  Leaves  broad, 
short,  well  rounded,  very  regular  in  form,  little  twisted,  much  blistered  and  cnim- 
pled,  somewhat  thin  but  not  limp,  very  finely  serrate  at  margins,  excessively  frilled 
and  much  developed  at  l)orders.  Color  bright  brown,  varying  to  bright  green  in 
less  exposed  parts  and  center  of  plant,  deepest  colored  at  borders;  inner  heart 
leaves,  base  of  midribs,  and  stem  of  plant  wholly  green  and  no  part  of  plant  distinctly 
spotted.    Quality  good;  sweet  in  flavor,  tender,  and  crisp  in  texture.    Seeds  whitish. 

Comparison. — Popular  with  some  market  gardeners  in  Onondaga  County,  N.  Y., 
but  apparently  rarely  planted  in  other  places.  Claimed  by  introducers  to  be  one  of 
the  l)est  for  forcing  and  shipping;  also  easily  grown  in  greenhouses  and  standing  a 
great  deal  of  neglect  in  watering  and  ventilation.  The  brown  color  is  said  to  give 
place  to  light  green  when  the  lettuce  is  grown  under  glass  diu'ing  winter.  More  like 
Prize  Head  than  any  other  variety.  Being  brighter  colored,  more  rounded  in  fonn, 
and  earlier,  it  is  more  attractive  outdoors  than  that  variety,  but  not  so  useful,  becaose 
smaller  and  less  reliable. 

Synonym. — Syracuse  (xreenhouse. 

History. — First  introduced  into  this  country  by  F.  H.  Ebeling  in  1888.  Said  to 
have  originated  in  Onondaga  County,  N.  Y. 

lUustratimis. — A  mature  plant  of  the  variety  is  shown  on  Plate  VI.  A  longitndinal 
section  is  similar  to  that  of  Prize  Head  on  Plate  XXI,  a  young  plant  to  that  ot 
Hanson  on  Plate  XXII,  and  a  leaf  between  that  of  Grand  Hapids  on  Plate  XXV, 
and  Hanson  on  Plate  XXVI. 
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PABIS  SUGAB. 

Lbted  by  one  seedsman.    Seeds  tested:  Dallwig,  1900-1903. 

D^cription, — Scarce  and  rarely  planted.  Same  general  character  and  UHefiilnesH  as 
Burpee's  Butterhead  and  Large  Yellow  Market.  The  differences  Ixjtween  the  thrie 
are  ver>-  slight.  At  WashingCbn  the  leaves  of  Large  Yellow  Market  8eeme<l  moie 
blisteretl  than  those  of  the  other  two,  but  further  trials  are  necessary  before  the  dif- 
ferences between  the  three  can  be  definitely  stated. 

Higtory. — W.  E.  Dallwig,  who  listed  this  variety  in  1893,  claims  to  have  first  intro- 
duced it  into  this  country.    It  is  described  as  of  German  origin. 

Illustrations.— S&me  as  for  Large  Yellow  Market. 

PABIS  WHITE  COS. 

Listed  by  eighty  seedsmen.  Seeds  tested:  Bridgeman,  1900;  Burpee,  189^),  llK)i; 
Farquhar,  1901;  Henderson,  1901;  Moore  &  Simon,  1900. 

Description. — A  typical  cos  variety,  stricly  self-closing,  extremely  large  in  compari- 
son with  either  the  butter  or  crisp  sorts — large  even  for  this  grcJiip;  late  in  season,  and 
slow  to  shoot  to  seed.  Plant  fairly  compact,  decidedly  upright,  its  leaves  when  young 
growing  straight  and  flat,  but  when  older  inner  ones  becoming  decidedly  spoon- 
8hai>ed  and  making  a  well-defined,  well-blanched,  firm  head,  decidedly  loaf-shaped 
in  form,  rounded  at  top,  and  with  leaves  closely  but  not  tightly  overlapi)ing  one 
another.  Leaves  oval  to  slightly  spatulate  in  shape,  outermost  ones  smooth  at  surface 
and  flat,  innermost  ones  sparingly  blistered  and  more  or  less  cup-shaped,  both,  how- 
ever, exceedingly  regular  in  form,  and  thick,  stiff,  and  coarse,  but  never  in  the  least 
twisted  nor  crumpled  in  any  part,  and  always  with  coarse  hard  veins,  very  large,  hard 
midribs,  entire  margins,  and  flat  borders.  Color  very  dark  green,  never  si)otted  nor 
brownish  in  any  part.  Quality  excellent;  very  hard  in  texture,  but  exceedingly  crisp, 
sweet,  and  of  a  quality  and  decided  firmnes «,  which  makes  a  pleasant  change  from 
the  soft  buttery  lettuces.    Seeds  whitish. 

Comparison. — One  of  the  popular  varieties  of  the  United  States,  though  not  one  of 
the  ten  most  largely  grown  sorts.  Varieties  of  this  class  are  very  largely  grown  in 
Europe,  but  in  America  these  lettuces  do  not  seem  to  succeed  as  well  as  the  butter 
and  crisp  varieties,  and  are  not  much  grown.  Many  consider  them  the  best  of  all 
in  quality.  They  are  hard  and  coarse  in  texture,  but  are  very  sweet,  and  possess  a 
freshness  and  distinct  quality  which  is  often  much  liked  and  make  a  pleasant  change 
from  other  varieties.  Those  who  have  never  grown  this  class  of  lettuce  should  try  a 
few  plants.  It  may  not  be  possible  to  grow  them  as  well  a«*  they  are  grown  in 
Euroj)e,  but  they  are  generally  satisfactory  whenever  tried,  especially  this  variety, 
which  is  perhaps  as  self-closing  and  certainly  as  goo<l  in  quality  as  any  cos  variety 
sold  in  this  country.  It  is  really  the  only  cos  sort  planted  to  any  extent  in  this 
country,  and  is  certainly  the  best  for  either  the  private  or  market  gardener.  It 
succeeds  very  well  in  summer  and  can  be  grown  to  an  immense  size.  Vilmorin  states 
that  plants  weighing  6  pounds  have  been  grown.  It  is  similar  to  Prince  of  Wales, 
Green  Cos,  and  Limagne  Cos. 

»SV/nonym«.— White  Cos,  White  Self-Folding  Cos,  Early  White  Self-Folding  Cos, 
Heat-Resisting  Cos,  Landreth*s  Heat-Resisting  Cos,  Celery  Cos,  Romaine  Cos,  Tri- 
anon Cos. 

History. — Listed  by  American  seedsmen  for  at  least  forty  years. 

Illustrations. — A  longitudinal  section  of  the  variety  is  shown  on  Plate  XIX  and  an 
outside  leaf  on  Plate  XXVII.  The  inner  head  leaves  of  the  variety  are  similar  to 
that  of  Express  Cos,  on  Plate  XXVI,  and  the  general  character  of  the  plant  is  illus- 
trated by  Express  Cos,  on  Plate  XV. 
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PASSION. 

Listed  by  twenty-nine  seedsmen.    Seeds  tested:  Vincent,  1901-1903. 

Description. — A  decidedly  butter  variety,  strictly  cabbage-heading,  lai^e,  very  late, 
slow  to  shoot  to  seed.  Young  plant  spreading  and  regular  in  growth,  w^ith  leaves 
very  straight  and  extending  flatly  over  the  ground.  Mature  plant  spreading  and 
forming  a  globular,  firm,  well-defined,  well-blanched  head,  with  leaver  cloeely  over- 
lapping one  another.  Leaves  broad  in  shape,  somewhat  blistered,  cnimpled,  and 
twisted,  fairly  ntiff,  very  thick,  entire  at  margins,  flat  at  borders.  Color  ilark  green, 
faintly  tingetl  at  borders  and  somewhat  blotched  in  other  parts  with  dull  brown,  no 
l>art  of  plant  distinctly  spotted,  and  stem,  base  of  midrib,  and  inner  head  leaves 
wholly  green.  Quality  good;  very  buttery,  fairly  sweet,  and  with  thick,  soft  leavw 
of  much  substance.  Seeds  blackish,  generally  slightly  more  brownish  than  mo^ 
black-seeded  sorts  and  sometime  described  as  brown. 

ComjKiriwn. — Although  old  and  well  known  this  variety  seems  to  be  little  grown 
except  in  California  and  the  South.  In  the  former  section  it  is  largely  used  by  Italian 
gardeners,  and  in  the  latter  it  is  a  good  sort  for  fall  and  winter  growing.  Although 
not  quick  to  shoot  to  seed  it  never  seems  to  do  well  in  summer  or  when  the  weather 
is  at  all  warm.  Not  recommended  except  for  tlie  localities  named.  Never  a  success 
at  Washington,  even  when  planted  early  in  the  spring.  Wholly  unsuited  for  forcing. 
Some  seedsmen  sell  another  strain  of  this  variety,  which  is  the  same  as  this  one 
except  that  the  plants  are  somewhat  duller  green  in  color  when  young,  and  in  some 
localities  apparently  not  growing  so  large  in  size.  The  brighter  colored  strain  seemfi 
to  be  the  one  preferred  by  most  market  gardeners.  Both  are  similar  to  California 
Cream  Butter.  Next  to  these  they  are  most  like  Maximum  and  hardly  distingaish- 
able  from  that  variety  when  the  plants  are  young. 

Synonyms. — California  Passion,  San  Francisco  Passion,  Southern  Heart,  Vincent's 
Passion. 

History. — The  oldest  variety  on  the  Pacific  coast.  First  introduced  there  about 
1870,  from  France,  by  Sevin,  Vincent  &  Co. 

Illustrations, — Same  as  for  California  Cream  Butter. 

PHILADELPHIA  BT7TTEB. 

Listed  by  forty-two  seedbmen.  Seeds  tested:  Bowen,  1901-1903;  Burpee,  1899; 
Ferry,  1903;  Thos.  Griswold,  1903;  Hastings,  1903;  Livingston,  1903;  Rice,  1902, 1903; 
Texas,  1901, 1903. 

Comparison.— 'A.  popular  variety  of  the  United  States,  but  not  one  of  the  ten  most 
largely  grown  sorts.  Extensively  planted  in  all  jmrts  of  this  country.  A  great 
favorite  with  Philadelphia  market  gardeners  for  early  spring  sowing.  The  exact 
type  has  not  yet  been  demonstrated  by  the  Department  trials.  The  description  for 
the  above  samples  is  the  same  as  that  given  for  Reichner,  and  most  of  them  appeared 
identical  with  that  variety.  A  few  were  very  slightly  different  in  color,  habits,  or 
shape  of  head,  though  all  were  the  same  in  usefulness  and  value.  In  other  samples 
not  included  alx)ve  the  variety  was  plainly  more  globular  in  shape  of  head  and  more 
blistered  and  twiste<l  in  the  leaf,  or  with  a  general  appearance  approaching  Hubbard's 
Market. 

Syiwnyms,—\Y\i\ie  Head  and  possibly  Reichner. 

Confusing  names.— M&ule's  Philadelphia  Butter,  Philadelphia  Speckled  Dutch  But- 
ter, Philadelphia  Dutch  Butter,  all  different  types  from  Philadelphia  Butter. 

History. — Listed  by  seedsmen  in  this  country  for  at  least  twenty  years. 

Jllustraiions. — Same  as  for  Reichner, 
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PBINCE  OF  WAIVES  COS. 

listed  by  one  seedsman.    Seeds  tested:  Graham,  1903. 

Comparison. — Listed  in  America  by  Canadian  seedsmen  only.  Not  sold  nor  jjrown 
in  this  <!ountry.  Except  for  l)eing  a  little  later  in  sieason,  somewhat  larger  in  size  and 
habit  of  growth,  and  proportionately  broader  in  Hhain*  of  heads,  this  variety  is  the 
same  as  Pbris  White  Cos,  and  sometimes  hardly  distinguishable  from  it  even  in  these 
respects.  The  usefulness  and  value  of  the  two  are  probably  the  same.  With  the 
possible  exception  of  Giant  White  Cos,  unquestionably  the  largest  of  the  cos  varie- 
ties sold  either  in  this  country  or  Canada. 

History. — First  listed  in  America  by  Graham  Bros.,  who  state  that  the  seed  was 
obtained  from  Cooper,  Taber  &  Co.,  of  England,  and  has  been  grown  in  tliat  country 
for  many  years. 

lUustralions. — ^Same  as  for  Paris  White  Cos. 

FEtIZE  HEAD. 

Listed  by  one  hundred  and  forty-two  seedsmen.  Seeds  tested:  Farquhar,  1900, 
1901;  Lamireth,  1899-1901;  Hitter,  1899;  Thorburn,  1899;  Weniich,  1900. 

Df^cription. — A  decide<lly  crisp  variety,  strictly  bunching,  large,  early  marketable, 
but  intermediate  in  time  of  attaining  fullest  development,  slow  to  Hh(X)t  to  seed. 
Plant  spreading,  low-growing,  and  consisting  of  a  loose,  rounded,  or  slightly  flattened 
cluster  of  leaves,  generally  more  or  less  open  or  spread  out  at  the  center  and  there- 
fore never  in  the  least  cabbage-like  nor  solid,  though  nevertheless  the  inner  part  of 
plant  is  well  blanched.  Leaves  short  spatulate  in  sliape,  much  blistered  and 
crumpled,  very  little  twisted,  fairly  rigid  but  not  stiff,  finely  serrate  at  margins, 
excessively  developed  and  much  frilled  at  borders.  Color  bright  brown,  varying  to 
bright  green  in  less  exposed  parts  and  center  of  plant.  Border  of  leaves  no  more 
colored  than  other  parts,  while  stem  of  plant,  base  of  midribs,  and  inner  heart  leaves 
are  wholly  green,  and  no  part  of  plant  is  distinctly  spotted.  Quality  good;  sweet  in 
flavor,  very  tender  and  crisp  in  texture,  but  leaf  thin  and  lacking  substance.  Seeds 
large,  whitish. 

Comparison. — Probably  planted  more  largely  in  the  United  States  than  any  other 
variety,  thirty  acres  of  it  being  grown  for  seed  in  a  single  year  ])y  one  seed  grower. 
Grown  everywhere,  but  most  largely  planted  in  the  West.  An  excellent  home 
variety  and  planted  extensively  for  family  use,  but  thin-leave<i,  soon  wilting,  not 
suited  for  shipping,  and  little  planted  by  market  gardeners.  A  very  reliable  suuinier 
variety.  Not  adapted  for  forcing  and  never  used  for  that  purpose.  The  scv<l  i.^ 
lighter  in  weight  than  any  other  of  our  standard  varieties.  More  like  American 
(rathering  than  any  other  sort;  in  fact,  sometimes  hardly  distinguishable  from  that 
variety,  and  often  used  in  filling  orders  for  it.  Other  similar  sorts  are  Onondaga  and 
Tomhannock. 

Synonyms. — Briggs'  Prize  Head,  Burpee's  Prize  Head,  Currie's  Prize  Head,  Ferry's 
Early  Prize  Head,  Wemich's  Prize  Head,  Early  Prize  Head,  Peer  of  All,  Emerald, 
Cincinnati  Market  Gardener's  Brown  Curle<l,  Salzer's  Peer  of  All,  Buckbee's  Icre 
Drum  Head. 

HiMory. — Apparently  named  and  first  introduced  by  D.  M.  Ferry  &  Co.,  aboi't 
twenty-five  years  ago. 

lUuttrations. — ^Two  views  of  mature  plants  are  shown  on  Plates  V  and  XX  I.  The 
Vonng  plant  is  similar  to  that  of  Hanson,  on  Plate  XXII,  and  the  leaf  is  l)etweeii 

that  of  Giand  Bapids  and  Hanson,  on  Plates  XXV  and  XXVI,  respectively. 


68  AMERICAN    VARIETIES    OF    LETTUCE. 

RED  BESSON. 

Listed  by  one  seedsman.    Seeds  tested:  Grejrory,  1899-1902;  R.  H.  Johnson,  1903. 

Description, — A  decidedly  butter  variety,  strictly  cabbage-heading,  lai^,  late-inter- 
mediate in  season,  slow  to  shoot  to  seed.  Plant  extremely  loose,  very  spreading,  an  J 
forming  a  globular  or  slightly  oval,  fairly  defined,  soft,  well -blanched  head,  with 
leaves  flatly  but  very  loosely  overlapping  one  another.  Leaves  very  broa<L  cup- 
shape<l  when  young,  excessively  blistered  and  crumpled,  fairly  twi.»*ted,  very  thin, 
soft  and  limp,  entire  at  margins,  flat  or  blistered  at  borders.  Color  very  brilliant 
brown,  interspersed  with  bright  green  in  depressed-  or  less  ex|)ose<l  parts,  the  two 
colors  being  in  very  strong  contrast  and  showing  off  in  a  striking  manner  the  blistervd 
character  of  the  leaves.  Stem  of  plant  and  base  of  midribs  pink  in  color,  inner  heart 
leaves  spotted,  but  not  otherwise  colored;  spotted  on  outside  or  exposed  parts  hot 
not  appearing  so  unless  closely  examined.  Quality  good;  sweet  and  very  buttery  in 
flavor,  soft  in  texture,  but  leaves  thin  and  lacking  substance.    Seetis  blackish. 

Comparison. — Scarce  and  little  planted.  Peculiar  as  the  most  solid,  brilliant 
brown-colored  lettuce  in  cultivation,  and  for  this  reason  attractive  to  amateury^ 
but  <^f  little  use  to  market  gardeners  except  for  limited  sale  as  a  novelty.  Too  spread- 
ing in  habit  and  too  soft  a  head  to  be  generally  valuable.  Wholly  un8uite<I  for 
foning.  It  makes  large,  very  showy  heads,  and  possesses  real  merit  also  as  a  fine 
suuiiiier  variety.     More  like  Brown  Head  than  any  other  lettuce,  especially  in  color. 

Synonyms. — Bronzed  Red,  Continuity. 

History, — Listed  by  American  seedsmen  for  at  least  twenty-four  years. 

Ulustrntions. — A  mature  plant  of  the  variety  is  shown  on  Plate  XIII,  and  the 
character  of  the  leaf  is  illustrate<i  by  that  of  Tennis  Ball  Black-Seeded,  on  Plate 
XXIII. 

BED  WINTER  COS. 

Listed  by  one  seedsman.     Seeds  tested:  Germain,  1900-1903. 

Description. — A  typical  cos  variety,  fairly  self-closing,  large  in  comparison  with 
either  the  crisp  or  butter  sorts,  but  only  large  medium  for  this  group.     Late  in  sea- 
son, slow  to  shoot  to  seed.     Plant  fairly  compact,  peculiarly  upright  in  growth,  and 
forming  a  well-defined,  long  loaf-shaped,  well-blanche<l  but  soft  head,  its  leaves; 
loosely  overlapping  one  another,  and  their  upper  parts  meeting  at  the  margins  only, 
or  but  slightly  overlapping  at  top  of  head.     Leaves  oval  to  slightly  spatulate  in 
shape,  slightly  emarginate,  very  smooth  and  flat,  never  blistered,  crumpletl.  U'»r 
twisted,  but  because  of  their  limp  nature  often  rolle<i  back  at  bonlers  or  fallir.'.! 
loosely  away  from  the  plant.     Thin  leaved  for  a  cos,  but  thick  for  a  crisp  or  butu-r 
sort;  margins  entire  and  bonlers  flat.     Color  deep  bright  brown,  the  deepest  c«  di  r  | 
Ihm ng  at  l)orders,  especially  with  inner  leaves;  unexposed  parts  of  leaf  bright  gretr. , 
the  line  between  exposed  and  unexpoj^ed  parts  often  markcAl  by  a  sharp  color  «lii-  { 
ference;  stem*  of  plant  and  midrib  of  all  leaves  to  their  very  base  plainly  colored,  I 
very  distinctly  spotted  on  inner  head  leaves.     Because  so  deep  brown  on  expc>JH»«l  \ 
parts  of  plant  the  spots  there  are  not  evident  unless  closely  examined.    Quality  , 
good;  sweet,  crisp,  soft  in  texture  for  a  cos  sort.     Seeds  dark  brown.  I 

Comparison. — Scarce  and  rarely  planted.  By  far  the  deepest  re<l-colore<l  n^  | 
variety,  and  possessing  the  distinction  also  of  being  remarkably  hardy  to  cold  antl 
very  constant  in  chara<;ter,  probably  no  other  cos  comparing  with  it  in  the^ 
respects.  Other  than  for  these  (jualitics  the  variety  am  not  be  recommended  in  any 
way.  On  account  of  its  color  and  soft,  limp  leaves  it  would  seem  to  l)e  unsuited  for 
market  jjanleners.     WhoUv  unlike  anv  other  cos  known  in  this  countrv.  • 

History. — Listed  by  American  see<^l8men  for  at  least  forty  years  but  not  by  the 
(icrmain  Fruit  Company  till  1898. 

Iflustrationa. — A  mature  i)lant  of  the  variety  is  shown  on  Plate  XIV  and  an  outside 
leaf  on  Plate  XXVII.  ~~ 
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BEICHNEB. 

Listed  by  seven  seedsmen.  See^ls  tested:  Johnson  &  Stokes,  1899,  1901;  Thorl>urn, 
1899-1903. 

Description. — A  decidedly  butter  variety,  strictly  t^bbage-heading,  medium  in  nize, 
early,  shooting  to  seed  at  an  eariy  intermediate  date.  Young  plant  very  upright  in 
habit,  with  leaves  sometimes  so  nmch  twisted  as  U)  make  the  plant  apjiear  like  neveral 
plants  ^own  together.  Mature  plant  very  compact  and  forming  a  globular  or  slightly 
elongated,  fiim,  well-defined,  well-blanched  head,  with  leaves  closely  overlapping  one 
another  except  outside  ones  which  are  characteristically  turne<l  and  twisted  back- 
-ward  at  their  uppermost  borders.  Head  peculiarly  long  and  pointed  when  first 
forming,  the  twisted  habit  of  the  leaves  most  pronounced  at  this  period  of  growth. 
Lfavcjs  broad,  fairly  blistered  and  crumpled,  much  twisted  at  their  uppermost  i)art, 
fairly  thick  but  inclined  to  be  slightly  loose  and  limp  rather  than  stiff;  margins 
entire  and  borders  flat.  Color  light  green,  never  spotted  nor  brownish  in  any  part. 
Quality  good;  delicate,  sweet,  buttery  in  flavor,  soft  in  texture.    Seeds  whitish. 

Compariiton. — Under  this  or  some  other  name,  one  of  the  popular  lettuces  of  the 
Unite* I  States,  though  not  one  of  the  ten  most  largely  grown  types.  A  favorite  with 
Phila<lelphia  gardeners.  An  exceedingly  valuable  sort  for  the  market  gardeners  to 
BOW  in  the  autumn  or  in  early  spring.  Excellent  also  for  forcing  in  frames  and  one 
of  the  best  for  wintering  over  out<loor8.  In  some  places  it  grows  so  well  under  the 
aioresaid  conditions  that  no  variety  compares  with  it  for  l:)eautiful,  solid  heads. 
Rarely  suited  for  private  gardens.  Wholly  unsuited  for  summer  growing.  Very 
similar  to  Philadelphia  Butter  and  Silver  Ball,  and  possibly  identical  with  one  or 
both  of  them.     Next  to  these  varieties  most  like  White  Loaf. 

Sinifmi/ms, — Reichner's  Forcing,  Reichner's  White  Butter,  Reichner's  Early  White 
Butter,  Florida  Header,  Waldorf,  Henderson's  Waldorf,  Neapolitan  Sash,  Simon's 
Neapolitan  Sash,  Stringer's  Early  White  Butter,  Rochester  Market,  Kidge,  Yellow 
Queen,  Mongolian. 

IliMory. — Named  and  first  listed  in  1893  by  Johnson  &  Stokes.  It  is  said  by  them 
to  have  originated  with  the  Reichners,  who  are  described  as  prominent  market  gard- 
eners of  Philadelphia. 

IHxjiMratumA, — A  mature  plant  of  the  variety  is  shown  on  Plate  XVI.  The  solidity 
of  the  head  is  illustrated  by  Mette's  Forcing  and  Hartford  Bronzed  Head,  on  Plate 
XIX,  and  the  character  of  the  young  plant  by  Nansen,  on  Plate  XXII. 

ST.  LOUIS  BLACK-SEEDED  FOBCINO. 

Listed  by  six  seedsmen.  Seeds  tested:  Dickmann-Dusard,  1899,  1900,  1902; 
plant,  1901-1903;  Schisler-Corneli,  1902. 

Description. — A  decidedly  butter  variety,  strictly  cabbage-heading,  large  medium 
in  size,  early-intermediate  in  season,  quickly  shooting  to  seed.  Plant  spreadiiijr, 
loose,  and  forming  a  globular,  fairly  defined,  somewhat  firm,  well-blanched  head, 
with  leaves  loosely  overlapping  one  another.  Leaves  broad  in  shape,  blistered  aiul 
crumpled,  slightly  twisted,  fairly  stiff  and  thick,  entire  at  margins,  flat  at  bordcis. 
Color  medium  green,  of  a  somewhat  dull  grayish  shade,  and  tinged  with  brown  in 
lilai'CH,  no  [)art  of  leaf  distinctly  spotted;  border  no  more  coloreil  than  other  parts, 
and  inner  head  leaves  and  stem  of  plant  wholly  green.  Quality  good;  fairly  sweet, 
decided Iv  l)utterv  in  flavor,  soft  in  texture.     Seeds  verv  blackish. 

Compariwti. — One  of  the  lesser  grown  varieties.  Said  by  the  introducers  to  be  the 
leading  variety  for  forcing  with  St.  Louis  market  gardeners.  Not  yet  tested  in  Wash- 
ington in  greenhouses,  but  for  outdoors  both  there  and  in  other  places  it  seems  to  be 
unreliable  and  unsatisfactory.  An  unusually  large  and  loose-leaved  variety  for  forc- 
ing. Described  as  a  very  large,  loose,  black-seeded  Boston  Market,  but  possibly  more 
like  Emperor  William,  German  Incomparable,  and  Defiance  than  that  variety. 
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Synonyms. — Favorite,  .Saunders. 

Confusing  names. — St.  Louis  Butter,  St.  Louis  Market,  both  different  tj'pes  froa 
St.  Louis  Black-Seeded  Forcing. 
History. — Intnxluced  by  Plant  Seed  Company  in  1892. 

SHOTWELIi'S  BBOWN  HEAD. 

Listed  by  five  seedsmen.  Seeds  tested:  Thorburn,  1900;  Wood,  Stabbs  &  Co. 
1903. 

Description. — The  above  samples,  which  refer  only  to  the  common  and  apparent!] 
correct  type  of  this  variety,  are  described  as  follows:  A  decidedly  butter  variet]^ 
strictly  cabbage-heading,  medium  in  size,  intermediate  in  season,  slow  to  shoot  t 
seed.  Plant  somewhat  loose  and  spreading,  forming  a  globular  or  slightly  oval 
well  defined,  soft,  or  slightly  firm,  well  blanched  head,  with  leaves  flatly  but  loossel; 
overlapping  one  another.  Leaves  cup-shaped  when  young,  .broad  when  full  si« 
nmch  blistered  and  crumpled,  fairly  twisted,  somewhat  thin,  soft,  and  limp,  entif 
at  margins,  flat  at  borders.  Color  .bright  brown,  interspersed  with  bright  grea 
in  depressed  or  less  expose<l  parts,  stem  of  plant  and  ba^e  of  midrilis  faintly  colored 
inner  head  leaves  sparingly  Hi)otte<l  but  not  otherwise  colored,  outside  of  plant  ala 
spottecl  but  the  exposed  'parte  of  leaf  such  a  deep  brown  color  that  spots  are  almo€ 
same  color  as  rest  of  leaf  and  not  evident  unless  closely  examined.  Quality,  good 
sweet  and  very  buttery  in  flavor,  soft  in  texture,  but  leaves  thin  and  lacking  sub 
stance.     Seeds  blackish. 

Comparison. — One  of  the  lesser  grown  varieties  and  rare.  On  account  of  its  darl 
color  not  suited  for  market  ganleners  nor  to  l^e  recommende<i  to  amateurs  when  othe 
sorts  like  Hartford  Bronzed  Head,  of  similar  color  and  character,  are  so  much  Ix^tte 
for  the  purpose.  A  good  summer  variety,  and  succeeding  especially  well  in  th 
autumn.  Most  like  Hartford  Bronzed  Head,  in  fact  so  much  like  it  in  ap|)earano 
as  often  to  be  sold  for  that  variety  or  its  synonyms.  Some  seedsmen  claim  the  tw 
are  identical,  but  such  is  a  serious  mistake.  Shotwell's  Brown  Head  is  similar  ii 
color  to  Brown  Head. 

Confusing  naines. — Batavian  Brown  Head,  Brown  Head,  Bronzed  Head,  Hartfori 
Bronzed  Head,  all  different  types  from  Shotwell's  Brown  Head. 

History. — Apparently  introduced  by  J.  M.  Thorburn  &  Co.,  who  have  listed  it  fa 
at  least  nineteen  years. 

Illustrations. — The  habit  of  the  mature  plant  is  not  well  shown  by  any  of  the  fol 
lowing  ilhiPtratiouH,  but  is  perhaps  l^est  illustrated  by  Yellow  Winter,  on  Plate  IX 
though  head  is  longer  in  shape  and  leaves  less  cup-shaped.  The  solidity  of  the  head 
is  illustrat<*(l  bv  Hartford  Bronze<l  Head  on  Plate  XIX. 

SHOTWELIi'S  BBOWN  HEAD  (Bridgreman). 

Listed  by  one  seedsman.    Seeds  tested:  Bridgeman,  1901-1903. 

Description. — \  decidedly  butter  variety,  strictly  cabbage-heading,  medium  in  size 
intermediate  in  season  and  time  of  shooting  to  seed.  Young  plant  very  regular  ii 
growth,  with  leaves  growing  very  straight  and  extending  flatly  over  the  ground 

Mature  plant  somewhat  spreading,  low  growing,  and  forming  a  globular,  fairli 
defined,  firm,  well  blanched  head,  with  leaves  closely  and  flatly  overlapping  oih 
another.  Leaves  broad  in  shape,  fairly  blistered,  crumpled  and  twisted,  thick  and 
stiff,  entire  at  margins,  flat  at  borders.  Color  nie<lium  dull  green,  tinged  throughoal 
with  very  faint  dull  brown,  rarely,  however,  becoming  brownish  in  defined  areas  oi 
blotches,  freely  and  distinctly  spotted  on  outaide  leaves,  and  sp'aringly  so  on  innei 
heart  leaves,  l)order  no  more  colored  than  other  parts  of  leaf.  Stem  of  plant  and 
base  of  midribs  plainly  colored  and  inner  leaves  also  spotted  but  not  otherwise 
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colored.  Quality,  fair;  sweet,  decidedly  buttery  in  flavor,  fairly  tender.  Seeds 
blackish. 

Co7njHtri9on. — Scarce  and  little  planted.  Too  late,  unreliable,  dull  green  in  color, 
and  possessing  no  specially  good  qualities  to  recommend  it  as  superior  to  other  sorts 
for  either  private  or  market  gardening.  Wholly  unfit  for  forcing.  Though  not 
quick  to  shoot  to  seed,  it  never  seems  to  do  well  during  summer.  Succeeded  best  at 
Washingtpn  in  the  autumn.  More  like  Brown  Genoa  than  any  other  variety. 
Much  larger,  later,  and  more  spreading  than  the  brown  or  common  type  generally 
sold  by  seedsmen. 

lUustrcUion. — Same  as  for  Brown  Genoa. 

SILVER  BALL. 

Listed  by  thirty-nine  seedsmen.  Seeds  tested:  Burpee,  1899-1902;  Buist,  1901; 
Comstock-Ferre,  1903;  Ferry,  1903;  Dreer,  1903;  Johnson  &  Stokes,  1903;  Living- 
ston, 1901;  Moore  &  Simon,  1901;  Michell,  1903;  J.  M.  McCullough,  1903.     • 

Cf/mparison. — A  popular  variety  of  the  United  States,  though  not  one  of  the  tt»n 
most  largely  grown  sorts.  The  exact  type  has  not  yet  oeen  fully  demonstrated  by 
the  Department  trials.  Some  of  the  samples  appeared  to  be  the  same  as  Reich ner, 
but  more  often  they  were  not  quite  so  even  and  (contained  plants  approaching  those 
of  Deacon.  Another  type  resembling  Large  Yellow  Market,  but  not  included  in  any 
of  the  above  samples,  has  also  l^een  sold  by  seedsmen  and  caused  further  confusion. 

Synonyms, — Burpee's  Silver  Ball,  Early  Silver  Ball. 

HisUrry. — Introduced  in  1884  by  W.  Atlee  Burpee  &  Co.,  who  state  that  the  variety 
originally  came  from  France. 

IKugtrations. — Same  as  for  Reichner. 

SPECKLED  DUTCH  BXTTTEB. 

Listed  by  twenty -six  seedsmen.  Seeds  tested:  Landreth,  1899-1901;  Livingston, 
1900;  Moore  &  Simon,  1901. 

Dencription. — A  medium  butter  variety,  fairly  cabbage-heading,  medium  in  size, 
early-intermediate  in  season  and  time  of  shooting  to  seed.  Young  plant  with  leaves 
fairly  upright  and  twisted,  sometimes  so  much  so  as  to  resemble  several  plants 
grow  ing  together.  Mature  plant  compact,  low  growing,  very  flattened  at  top,  and 
forming  a  solid,  well  blanched  though  indistinctly  defined  head,  with  leaves  so 
much  twisted  and  irregularly  compacted  together  as  to  produce  a  torn  effect  or 
bursted-like  head;  no  distinct  separation  between  head  proper  and  outer  part  of 
plant.  Leaves  broad  in  shape,  crumpled  and  twisted,  fairly  thick  and  stiff,  hard 
and  not  easily  torn,  obscurely  crenate  at  margins,  undulate  at  borders.  Color 
medium  green,  freely  and  distinctly  spotted,  faintly  tinged  in  places,  especially  at 
border,  inner  head  leaves  and  stem  of  plant  wholly  green.  Quality  fair;  hard  in 
texture,  slightly  buttery  in  flavor,  but  lacking  delicacy  and  sweetness.  Seeds  small, 
whitish. 

Comparison. — One  of  the  lesser  grown  varieties.  Not  planted  to  any  extent  except 
in  the  vicinity  of  Philadelphia,  where  it  is  perhaps  more  largely  grown  in  early 
spring  and  in  cold  frames  than  any  other  lettuce.  Very  hardy,  reliable,  and  an 
admirable  sort  for  market  gardeners,  but  not  suited  for  summer  growing.  Distinctly 
a  market  gardener's  sort,  but  for  private  gardeners  other  sorts  of  better  quality  are 
recommended.  Very  distinct  and  not  well  compared  to  other  varieties.  Its  habit 
is  similar  to  Tom  Thumb,  its  color  to  Big  Boston,  while  its  usefulness  and  value  are 
about  the  same  as  Golden  Queen. 

Synonyms. — Speckled  Early  Dutch  Butter,  Simon's  Speckled  Dutch  Butter,  Mich- 
ell's  Early  Speckled  Dutch  Butter,  Philadelphia  Dutch  Butter,  Hornberger's  Dutch 
Batter,  Early  Dutch  Butter,  Dutch  Butter,  Brown  Speckled  Dutch  Butter,  Stringer's 
Early  White  Butter,  Virginia  Solid  Header. 
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History. — ^The  D.  Landreth  Seed  Company  claim  to  have  first  introduced  this 
variety  in  1846  and  describe  it  as  the  result  of  a  greenhouse  hybridization  between 
the  old  Hammersmith  and  Madeira. 

Illustrations. — A  mature  plant  of  the  variety  is  shown  on  Plate  XVIII  and  a  leaf  on 
Plate  XXIII.  A  longitudinal  section  is  similar  to  that  of  Tom  Thumb,  on  Plate 
XIX,  and  a  young  plant  to  that  of  Big  Boston,  on  Plate  XXII. 

SUGAR  LOAF. 

Listed  by  one  seedsman.    Seeds  tested:  (jregory,  1899-1903. 

Description. — Cla8se<l  as  a  crisp  sort  an<l  cabbage-heading,  though  really  somewhat 
resembling  the  butter  varieties  and  often  bunching  in  habit.  Very  large  and  late. 
Slow  to  shoot  to  see<l.  Plant  spreading  and  consisting  of  a  vase-shaped  cluf?ter  of 
leaves,  very  regular  and  formal  in  arrangement,  the  middle  part  of  which  when  young  is 
much  hollowed  or  undeveloped,  but  when  mature,  becomes  filled  with  a  firm,  well- 
blanched,  incomplete  cabliage-like  head,  the  large  part  of  the  plant,  however,  consist- 
ing of  the  outer,  nonheading,  looser  portion.  Leaves  broad  in  shape,  little  blistere*!, 
crumpled  and  twisUnl,  very  much  turned  backwaniat  borders  and  thereby  confoniiing 
to  the  vase  form  of  the  plant;  also  thick,  stiff,  and  coarse,  their  margins  varying  fn>ni 
serrate  to  obscurel  y  crenate  and  borders  from  f ril  led  to  undulate.  CJolor  largely  brown- 
ish green,  but  with  some  portions  a  full  brown  and  less  exposed  parts  and  center  of 
plant  light  green,  no  part  of  plant  spotted;  stem  of  plant,  inner  head  leaves,  and  base 
of  midribs  wdiolly  green.  Quality  fair;  hard  in  texture,  fairly  sweet,  slightly  hm- 
tery  in  flavor.     See<ls  whitish. 

Comparison. — Little  known  or  planted.  Used  mostly  in  New  England.  Too  late 
and  unreliable,  as  well  as  too  brown  in  color  and  poor  in  quality,  to  be  recommended 
either  to  private  or  market  gardeners,  except  only  in  special  soils  or  under  condi- 
tions where,  upon  trial,  it  may  be  found  to  succeed  well.  More  like  Tyrolese  than 
any  other  lettuce,  not  only  in  appearance  but  in  usefulness  and  value  as  well.  The 
habit  is  similar  to  Malta. 

Confusing  names. — White  Loaf,  Large  White  Ijoaf,  Bolgiano^s  White  Loaf,  all 
different  from  Sugar  Loaf. 

History. — Named  and  introduced  in  1882,  by  James  J.  H.  Gregory  &  Son,  who 
state  that  the  variety  was  received  from  a  customer  in  Illinois  in  the  spring  of  1879. 

niuslrations. — Two  matrre  plants  of  the  variety  are  shown  on  Plate  XVII. 

SUTTON'S  QilKS'T  CABBAGE. 

Seeds  tested:  Michell,  1899-1901. 

Comparison. — Same  as  Maximum,  except  that  seeds  are  yellowish.  Usefulness 
and  value  pr()bal)ly  also  the  same. 

History. — Sold  in  this  country  only  during  1900  and  1901  by  Henry  F.  Michell  in 
the  original  sealed  packets  received  from  Sutton,  of  England. 

Ill ustrff Horn. — Same  as  for  Maximum. 

TENNIS  BALL  BLACK-SEEDED. 

Listed  by  one  hundred  and  sixteen  seedsmen.  Seeds  tested:  Burpee,  1900-1903; 
Burwell,  1899;  Farquhar,  1901;  Henderson,  1901;  Landreth,  1899,  1901;  Northnip- 
King,  1903;  Rawson,  1900^  1901;  Thorburn,  1899-1901. 

Description. — A  decidedly  butter  variety,  strictly  cabbage-heading,  large-medium 
in  size,  early-intermediate  in  season,  shooting  to  seed  at  an  intermediate  date.  Plant 
compact  or  slightly  spreading  and  forming  a  globular,  firm,  very  well-defined,  well- 
blanched  head,  with  leaves  very  closely  overlapping  one  another.  Plant  when  in 
flow^er  sends  out  many  side  stems  instead  of  one  large  main  stem.  Leaves  broad, 
excessively  blistered  and  crumple<l,  little  twisted,  thin,  almost  limp  and  loose,  entire 
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at  mai^giins,  blistered  or  fiat  at  bordern.  Color  li^ht  green,  never  s|X)tted  nor  brown- 
ish in  any  part.  Quality  excellent;  delicate,  sweet,  buttery  in  flavor,  Hoft  in  texture, 
but  leaf  thin  and  lacking  pulmtance.     Scecls  l)lacki8h,  rarely  very  black. 

Comparimn. — One  of  the  four  moHt  largely  grown  varieties  of  the  United  Statep. 
Succeeds  everywhere  and  at  all  seasons.  Under  thin  or  some  other  name  largely 
planted  in  all  i>artfl  of  this  country,  especially  the  Yjs^i.  In  the  vicinity  of  Boston, 
New  York,  Philadelphia,  Baltimore,  and  Washington  it  is  more  largely  grown  by 
market  gardeners  in  summer  than  any  other  variety.  Except  that  it  is  too  loose  in 
habit  for  forcing,  an  all-round  variety,  lis  adaptability  for  all  purposes  is  shown 
by  the  descriptive  character  of  ita  s\'nonymH  given  below.  No  other  variety  has 
been  so  largely  renamed.  Good  for  spring,  summer,  or  autumn,  and  stands  winter- 
ing over  outdoors  at  Waf»hington  as  well  as  any  other  variety.  Highly  recr)njmended 
to  both  private  and  market  ganleners.  Sure  header,  very  reliable,  hardy,  excellent 
shipf>er,  and  good  seller.  Very  similar  to  Yellow-Seeded  Butter,  Thick  Head  Yel- 
low, and  Hubbard's  Market.  It  is  distinguiahe<l  from  the  latter  by  its  thinner  and 
more  crumpled  leaves  and  its  lighter  green  color. 

Synonyms. — Early  Tennis  Ball  Black-Set»de<l,  Arlington  Tennis  Ball  Black-See<le<l, 
All  Heart,  Dreer*g  All  Heart,  All  the  Year  Rouml,  Baltimore  Cabbage,  Black-Seeded 
Butter,  Black-Se€<led  Summer,  Bolgiano's  Black -Seeded  Summer,  (friffith  <fe  Turner's 
Black-Seeded  Summer,  Bloomsdale  Butter,  Bloomsdale  Reliable,  Crosman's  Im- 
proved, Dickmann's  Private  Stock,  Market  (lardener's  Private  Stock,  Thorburn's 
Market  Gardener's  Private  Stock,  Eclipse,  Everlai«ting,  Everett's  Everlasting,  Far- 
quhar's  Long-Standing,  Frankfort  Hea<l  Black-Seeded,  I^pp's  Head,  Large  Butter 
Head,  Long  Island  Winter,  Ninety  and  Nine,  Twentieth  Century,  White  Peach,  Sen- 
sation, Moore's  Magimm  Bonum,  Salamander,  Perfected  Salamander,  Market  Gar- 
dener's Salamander,  Satisfaction  Black-Seeded,  Price  &  Knickt^rbocker's  Mammoth 
Hea<l,  New  York  Black-Seeded  Butter,  Schwill's  Hard  Head. 

HiMfjry. — A  very  old  variety  of  European  origin  and  known  in  this  country  for  at 
least  forty-eight  years. 

lUugtratioiig. — A  leaf  of  the  variety  is  shown  on  Plate  XXIII.  The  general  habit 
of  the  mature  plant  is  illustrated  by  Califoniia  Cream  Butter,  on  Plate  VIII,  and  the 
solidity  of  the  heads  by  Mette's  Forcing,  on  Plate  XIX. 

TENNIS  BALL  WHITE-SEEDED. 

Listed  by  ninety-sevpn  seedsmen.  Seeds  tested:  Buck  bee,  1901;  Burpee,  1901; 
Bnrwell,  1899;  Faniuhar,  1900;  Johnson  &  Stokes,  1899;  Landreth,  1899-1901;  Raw- 
son,  1901;  Thorburn,  1899-1901,  1903. 

Description. — A  decidedly  butter  variety,  strictly  cabbage-heading,  small-medium 
in  size,  very  early  in  season,  and  shooting  to  seed  at  once  in  hot  weather.  Plant  very 
compact  and  forming  a  globular,  firm,  well-defined,  well-l)lanched  head,  with  leaves 
very  closely  overlapping  one  another.  leaves  broad  in  shape,  blistered,  crumpled, 
slightly  twisted,  fairly  stiff  and  thick,  entire  at  margins,  flat  or  partly  blistt»red  at 
borders.  Color  dull  medium  green,  sometimes  brownish  river  large  area.**  and  in  <lis- 
tinct  blotches,  but  never  distinctly  spotted,  and  inner  hea<l  leavt*s  and  stt^n  of  plant 
wholly  green.   Quality  good;  sweet,  buttery  in  flavtir,  soft  in  texture.    SihhIs  whitish. 

(^*omp(iri»m, — A  popular  variety  of  the  Unite<l  States,  though  not  one  of  the  ten 
most  laiT^ely  grown  sorts.  For  years  almost  the  only  variety  used  in  the  East  for 
forcing  in  greenhouses.  About  fifteen  years  ago  larger  sorts  came  into  favor  an<l 
to-day  the  largest  growers  do  not  w^em  to  plant  this  variety.  AVholly  unsuited  for 
TOmmer  growing,  not  recommended  as  reliable  for  growing  outdoors,  and  not  suited 
for  private  gardeners.  A  splendid  shipper  and  distinctly  a  market  gardener's  forcing 
variety.  More  like  Hothouse  than  any  other  lettuce.  Kxcept  for  differences  in  size 
*nd  seaaon,  verv  similar  to  Victoria  Red-Kdged  and  Milly. 
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Synonyms. — Arlington  Tennis  Ball  White-Seeded,  Godden's  White-Seeded  Foiciii& 
Boston  Market,  Biickbee's  Ideal,  Frankfort  Head  White-Seeded. 

History. — A  very  old  variety  of  European  origin  and  known  in  this  county  for  at 
least  forty-two  yeare. 

lUiLstraiions. — ^The  general  habit  of  the  variety  is  illustrated  by  California  Cream 
Butter,  on  Plate  VIII;  the  leaf  by  Tennis  Ball  Black-Seeded,  on  Plate  XXIII,  and 
the  solidity  of  the  heads  by  Matador,  on  Plate  XX. 

THICK  HEAD  YELLOW. 

Listed  by  six  seedsmen.    Seeds  tested:  Burpee,  1902,  1903. 

Description. — A  decidedly  butter  variety,  strictly  cabbage-heading,  lai^,  late, 
fairly  slow  to  shoot  to  seed.  Plant  Spreading,  very  loose  in  habit,  and  forming  a 
globular,  well-defined,  soft,  or  slightly  firm,  well-blanched  head,  with  the  leave§ 
flatly  but  loosely  overlapping  one  another.  Leaves  very  broad  in  shape,  excessively 
and  very  coarsely  blistered  and  crumpled,  little  twisted,  somewhat  thin,  almost 
limp,  entire  at  margins,  fiat,  partly  blistered,  or  somewhat  inclined  to  undalate  at 
l)orders.  Color  light  green,  very  glossy  and  rich,  never  spotted  nor  brownish  in  any 
part.  Quality  excellent;  mild,  delicate,  sweet,  buttery  in  fiavor,  soft  in  texture. 
Seeds  whitish. 

Comparison. — Scarce  and  little  planted.  Not  suitable  for  forcing,  but  a  good  variety 
for  outdoors,  though  not  as  reliable  for  this  purpose  as  Tennis  Ball  Black-Seeded. 
Being  one  of  the  most  crumpled  and  blistered  in  leaf  and  most  glossy  light  green  in 
color  of  all  the  varieties,  it  becomes  in  some  respects  one  of  the  most  attractive  let- 
tuces in  cultivation.  Recommended  for  trial  to  both  private  and  market  gardners. 
More  like  Tennis  Ball  Black-Seeded  than  any  other,  differing  principally  in  larger 
size,  softer  head,  looser  habit,  and  brighter,  more  glossy  green  color. 

Synonyms. — Erfurt  Laige  Thick  Head  Yellow,  Mammoth  Erfurt  Yellow. 

History. — First  listed  by  American  fteedmen  about  twelve  years  ago,  and  described 
at  that  time  as  a  new  German  variety. 

lUiustrations.— The  habit  is  between  that  of  California  Cream  Butter,  on  Plate  Vni, 
and  Red  Besson,  on  Plate  XIII.  The  general  character  of  the  leaf  is  illustrated  by 
that  of  Tennis  Ball  Black-Seeded,  on  Plc^te  XXIII,  and  the  solidity  of  the  heads  by 
Matador,  on  Plate  XX. 

TOMHANNOGE. 

Listed  by  thirty-nine  seedsmen.    Seeds  tested;  Burpee,  1899-1901,  1903. 

Description. — A  decidedly  crisp  variety,  strictly  bunching,  large,  early  marketable 
but  intermediate  in  attaining  fullest  development,  slow^  to  shoot  to  seed.  Plant  very 
spreading  and  consisting  of  a  few  but  very  large  leaves  gathered  into  a  loose  duster 
at  the  top  of  an  enormously  thick,  long  stem,  the  growth  somewhat  tree-like  and  the 
cluster  somewhat  fiattened  in  shape,  more  or  less  open  or  spread  out  at  center  and 
never  in  the  least  cabbage-like  nor  dense,  though  the  inner  part  is  well  blanched. 
Leaves  spatulate  in  shape,  much  blistered  and  crumpled,  very  little  twisted,  fairly 
rigid  but  not  stiff,  finely  serrate  at  margins,  excessively  frilled  and  much  developed 
at  borders.  Color  almost  solid  deep  bright  brown,  varying  to  bright  green  in  lea« 
exposed  parts  and  center  of  plant,  borders  of  leaves  no  more  colored  than  other 
parts,  stem  of  plant,  base  of  midribs  and  inner  heart  leaves  wholly  green,  and  no  part 
of  plant  distinctly  spotted.  Quality  good;  sweet  in  fiavor,  very  tender  and  crisp  in 
texture,  but  leaf  thin  and  lacking  substance.    Seeds  large,  whitish. 

Comparison.  —Scarce  and  little  plante<l.  Not  suited  for  forcing  and  rarely  as  satis- 
factory for  outdoors  as  Prize  Head  or  other  varieties  of  similar  color  and  character. 
The  largest  stemmed  of  all  varieties  except,  j>erhaps,  Malta,  and  this,  together  with 
its  tree-like  habit  and  enormous  leaves,  gives  it  a  very  striking  appearance,  bat  unfits 
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it  for  marketing.  Probably  of  little  value  to  market  gardeners.  More  like  Prize 
Head  than  any  other  lettuce,  being  like  it  in  color,  but  different  in  habit. 

Synonyms, — Burpee's  Tomhannock,  Bronzed  Tonihannock. 

Htgtory. — Introduced  in  1886  by  W.  Atlee  Burpee  A  Co.,  and  said  by  them  to  have 
originated  in  northern  New  York. 

lUustratioTis. — A  young  plant  of  the  variety  is  shown  on  Plate  XXII.  The  habit 
of  the  mature  plant  is  illustrated  by  that  of  Prize  Head  on  Plate  V,  and  the  charac- 
ter of  the  leaf  is  about  between  that  of  Grand  Rapids  and  Hanson,  on  Plates  XXV 
and  XXVI,  respectively. 

TOM  THUMB. 

Listed  by  nine  seedsmen.    Seeds  tested;  Burpee,  1809-1903;  Farquhar,  1900-1903. 

Description. — Neither  a  strictly  crisp  nor  butter  sort,  but  perhaps  most  properly 
placed  with  the  latter;  decidedly  cabbage-heading,  small,  medium  in  size,  early,  and 
shooting  to  seed  unusually  slowly  for  an  early  variety.  Plant  extremely  compact,  low 
growing,  flattened  on  top  and  forming  a  hard,  well-blanched  but  indefinitely  defined 
head,  with  leaves  so  twisted  at  their  borders  and  irr^i^larly  compacted  together  as 
to  produce  a  torn  effect  or  burst  like  head;  no  distinct  separation  between  head 
proper  and  outer  part  of  plant,  the  whole  being  nearly  all  head.  Leaves  broad  in 
shape,  very  much  blistered,  crumpled,  and  twisted,  very  thick  and  stiff,  ol)scurely 
crenate  at  margins,  slightly  undulate  at  borders.  Color  very  dark  greim,  never 
spotted  nor  brownish  in  any  part.  Quality  good;  fairly  sweet,  hard  in  texture, 
between  the  butter  and  crisp  varieties  in  flavor  and  firmness.  Seeds  blackish,  small 
to  medium  in  size. 

Comparison. — One  of  the  lesser  grown  varieties  and  scarce.  Said  to  be  a  favorite 
in  England  for  hotbed  and  pot  culture.  Recommended  by  seedsmen  in  thin  country 
as  a  good  greenhouse  sort.  A  few  instances  of  its  successful  use  for  this  purpose  have 
come  to  notice,  but  for  most  gardeners  it  is  decidedly  too  small,  although  reliable, 
easily  grown,  and  exceedingly  compact.  Not  adapted  for  general  summer  growing, 
bat  may  be  planted  outdoors  successfully  in  autumn  or  early  spring.  Suited  for  l)oth 
the  amateur  and  market  gardener.  Very  distinct  and  not  well  compare<l  to  other 
varieties.  Its  color  is  even  darker  green  than  New  York.  The  habit  is  somewhat 
similar  to  Speckled  Dutch  Butter  and  Mignonette,  and  its  usefulness  and  value  about 
the  same  as  Golden  Queen: 

Synonyms, — Wheeler's  Tom  Thumb,  Landreth's  Forcing. 

History. — First  introduced  in  England  by  H.  Wheeler  &  Son,  and  first  listed  by 
American  seedsmen  a  few  years  later  as  Wheeler's  Tom  Thumb. 

TUtiMraHons. — A  mature  plant  of  the  variety  is  shown  on  Plate  XVI,  and  a  longi- 
tudinal section  on  Plate  XIX.  The  general  character  of  the  leaf  is  the  same  as  that 
shown  of  Speckled  Dutch  Butter,  on  Plate  XXIII. 

TBOtJT. 

liflfted  by  one  seedsman.    Seeds  tested:  Farquhar,  1899-1903. 

Description. — A  decidedly  butter  variety,  strictly  cabbage-heading,  small  medium 
in  size,  late,  slow  to  shoot  to  seed.  Plant  compact  and  fonning  a  globular  or  slightly 
pointed,  somewhat  imperfectly  defined,  firm,  well-blanched  head  and  except  for 
being  turned  back  at  their  extreme  top  the  leaves  of  the  head  closely  overlap  one 
another.  Leaves  broad,  fairly  blistered,  crumpled,  twisted,  thick  and  stiff,  entire  at 
margins,  flat  at  borders.  Outside  of  plant  completely  spotted  with  dark  brown,  but 
spots  so  numerous,  minute,  and  blended  together  as  really  to  make  the  plant  solid 
dark  brown  in  color.  Inside  head  leaves  very  distinctly  spotted,  the  spots  here 
being  large  and  well  separated.  Stem  of  plant  and  base  of  midribs  plainly  colored. 
Quality  good;  sweet,  buttery,  soft  in  texture.    Seeds  whitish. 


76  AMERICAN    VARIETIES   OF   LETTUCE. 

Compcirison. — Scarce  and  little  known  or  planted.  So  much  smaller,  later,  and 
less  reliable  than  other  sorts  of  like  habit  and  character  that  it  can  not  be  reo^m- 
mended  except  to  amateurs,  who  will  find  it  attractive  because  of  its  beautifully  BjKitte^i 
inner  heiirt  leaves.  For  serving  on  the  table  it  makes  a  novel  and  attractive  diph, 
no  other  variety  comparing  with  it  for  distinctly  spotted  inner  heart  lea  vest 
GoldtMi  Spotted  is  more  distint^tly  and  brightly  spotted  on  the  outdide  leaves,  hot 
less  HO  on  the  inner  leaves  than  this  one.  Succeeds  fairly  well  in  Snmmer.  The 
habit  is  (juite  similar  to  Hartford  Bronzed  Head  and  the  color  much  like  ShotweH's 
Brown  Ilcmd. 

///jf/or//.— -Liste<l  by  R.  &  J.  Farquhar  &  Co.  for  at  least  twenty  years. 

illuMratlfMA. — A  longitudinal  section  of  the  plant  is  similar  to  that  of  Hartfoni 
Bronzed  Head,  on  Plate  XIX,  except  that  the  plant  is  less  compact  and  does  in  it 
make  ho  perfect  a  head.  The  leaf  is  similar  to  that  of  Tennis  Ball  Black  Seeded,  on 
Plate  XIII. 

TYBOIiESE. 

Listetl  by  one  seedsman.     Seeds  tested:  Saul,  1903. 

Description. — A  decidedly  crisp  variety,  cabbage-heading,  very  late,  very  large. 
slow  to  shoot  to  seed.  Plant  loose,  spreading,  central  part  somewhat  upright,  ejai**- 
cially  when  young.  Stem  of  plant  very  large  and  long.  Head  globular  to  short 
oval  ill  shape,  well  defined,  well  blanche<l,  and  its  leaves  regularly  overlapping  oTte 
another  but  with  loose  spaces  between  them,  and  head  therefore  soft,  though  the 
leaves  (!(>m posing  it  are  very  thick  and  stiff.  Leaves  short  spatulate  in  shape,  some- 
times as  broad  as  long,  slightly  but  coarsely  blistered  and  crumpled,  little  twisted, 
very  coarse  in  api)earance,  with  prominent,  heavy  veins,  and  lai^  protruding  mid- 
ril);  margins  deeply  serrate,  borders  frilled.  Color  dull  green,  faintly  and  indistinctly 
blotched  with  dull  brown  in  places,  border  green  or  at  least  not  distinctly  brownish: 
inner  head  leaves  wholly  green  but  stem  of  plant  and  base  of  midribs  plainly  colored, 
no  part  of  plant  spotted.  Quality  fair;  coarse,  and  hard  in  texture,  but  of  a  sweetnesss 
and  firmness  which  are  often  much  liked.     Seeds  large,  whitish. 

Comparison. — Very  little  known  or  planted.  Too  late,  loose,  and  spreading  in 
habit  and  head  too  soft  U)  be  recommended  to  market  gardeners  or  as  a  ver>'  useful 
variety  for  amateurs.  Other  varieties  like  Hanson  are  decidedly  preferable  and  more 
reliable.  Possibly  attractive  to  some  amateurs  because  of  the  immense  size  to  which 
the  plantiB  can  be  grown.  Succeeds  well  in  summer.  More  like  Sugar  Loaf  than 
any  other  lettuce,  differing  principally  in  color  and  l»eing  less  vase-shaped  in  form. 

lllustratio7ift. — A  mature  i)lant  of  the  variety  is  shown  on  Plate  II. 

UNBrVALED. 

Listed  by  six  seedsmen.  Seeds  tested:  Bruce,  1902,  1903;  Plant,  1902;  Thorhurn, 
1903. 

Comparison. — Little  known  or  planted,  but  rapidly  coming  into  favor  with  market 
gardeners  in  places  where  the  Big  Boston  variety  does  well.  Its  usefulness  and  value 
are  exactly  tlie  same  as  that  variety,  but  it  is  preferred  by  some  gardeners  because 
solid  green  in  color  and,  except  for  being  slightly  lighter  green  and  without  the 
brownish  tinge  at  the  lH)rders,  it  is  the  same  as  Big  Boston.  Its  claim  for  recogni- 
tion is  based  wholly  on  this  difference.     For  de.<»cription  see  Big  Boston. 

Synonyms. — Universal,  Unsurpassed,  Landreth's  Unsurpassed. 

Iliytory. — First  introduced  into  America  by  .John  A.  Bruce  &  Co.  and  J.  A.  Sim- 
mers in  1902  and  first  liste<l  by  seedsmen  in  this  country  a  year  later.  Evidently  the 
same  variety  listed  by  Vilmorin-Andrieux  &  Co.,  of  France,  as  Sans  Rivaled. 
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VICTOBIA  BED-EDGED. 

Listed  by  thirteen  seedsmen.  See<i8  te^^ted:  Bm'kl)ee,  1899;  Cirahaiii,  ItHKJ;  Sim- 
mers, 18V>9,'l900;  Steele,  Brigga  <fe  Co.,  1901, 1903. 

Jkscription, — A  de<'idedly  butter  variety,  niediiiin  in  size,  early-intermwiiate  in 
season,  and  shooting  to  see<l  at  an  intenne<liate  date.  Plant  compact  and  forming 
a  globular,  firm,  well-<lefined,  well-blanched  head,  with  leaves  closely  overlapping 
one  another.  Leaves  broad  in  shape,  blistered  and  crumpled,  slightly  twisted,  fairly 
tliick  and  stiff,  entire  at  margins,  flat  or  partly  blisU^red  at  borders.  Color  medium 
green,  tingtni  with  brown  in  places,  sometimes  over  large  areas  and  in  distinct  blotches 
but  never  distinctly  spotted,  and  inner  head  leaves  and  stalks  never  colore<l.  (Quality 
goo<l:  sweet,  buttery  in  flavor,  soft  in  texture.     Seeds  whitish. 

Cum/xirisoti. — Scarce  in  this  country  and  very  little  planted.  Strictly  a  market 
gardener's  sort.  Excellent  for  forcing,  early  spring,  or  late  fall  sowing,  but  not  well 
ailapteil  for  summer.  Mr)re  like  Milly  than  any  other  lettuce,  and  possibly  identical 
with  it.  After  this  varietv  the  most  like  Tennis  Ball  White-Seeded  and  California 
Cn*ani  Butter. 

Stfjiorn/ins. — Then*st*emsto  be  considerable  misunderstanding  regarding  this  variety. 
The  JertHue  B.  Rice  Seed  Company  and  theChesmore-Eastlake  Setnl  (Company  mention 
it  as  the  same  tia  Prize  Head,  and  in  years  past  it  was  catalogued  by  a  considerable 
number  of  seedsmen  as  Large  Drum  Head,  both  of  which  are  quite  different  from  the 
original  tyjie,  which  is  the  one  described  al)ove. 

History. — Listed  by  American  seedsmen  for  at  least  twenty-seven  years.  Of  foreign 
origin. 

lUustral'unvi. — The  habit  of  the  mature  plant  is  illustrated  by  that  of  California 
Cream  Butter,  on  Plate  VIII,  the  solidity  of  the  heads  by  that  of  Matador,  on  Plate 
XX,  and  the  character  of  the  leaf  by  that  of  Tennis  Ball  Black -Seeded,  on  Plate 
XXIII. 

WHITE  CHAVIGNE. 

Listed  by  four  seedsmen.  Seeds  tested:  Ferry,  1903;  Harmon,  1901,  1903;  Tilton, 
1900,  1901;'  Veitch,  1899. 

Description. — A  decidedly  butter  variety,  strictly  cabbage- heading,  large,  late-inter- 
mediate in  season,  slow  to  shoot  to  seed.  Plant  fairly  compact  and  forming  a  glob- 
ular, very  firm,  well-defined,  well-blanched  head,  with  leaves  closely  overlap[)ing 
one  another.  leaves  broad  in  shape,  blistered  and  crumpled,  slightly  twisted,  fairly 
stiff,  very  thick,  entire  at  margins,  flat  or  partly  blistt^red  at  borders.  Color  dark 
green,  never  spotted  nor  brownish  in  any  part.  Quality  excellent;  sweet,  very 
buttery  in  flavor,  and  with  soft,  thick  leaves  of  much  substance.     Seeds  whitish. 

Comparison. — Little  planted  in  this  country,  but  rapidly  becoming  known  as  a 
reliable  summer  variety.  Claimed  by  some  to  make  better  heads  during  summer 
than  any  other  lettuce.  Its  usefulness  and  value  for  our  country  have  Ix^en  well 
proved  and  it  is  highly  recommended  to  both  market  gardeners  and  amateurs.  Very 
hardy  to  ,cold  and  a  good  sort  to  winter  over  outdoors.  Not  adapted  for  forcing. 
Kxa*pt  for  difference  in  color  it  is  very  similar  in  api)earance  to  California  Cream 
Butter  and  is  a  gcwxl  sort  to  grow  wherever  that  variety  does  well.  Very  similar  also 
to  Hubbard's  Market,  though  larger  and  darker  green  in  color. 

Sifnohi/ms. — Rosette,  Maule's  Rosette,  Farmer's  Pride,  Bolgiano's  Farmer's  Pride, 
White-Seeded  Summer,  Griffith  &  Turner's  White-Seeded  Summer,  Kendel's  Excel- 
sior Head. 

History. — Rt»cently  listed  by  American  seedsmen  as  a  new  French  variety,  though 
the  name  has  Iwen  in  use  by  American  seedsmen  for  at  leai^t  twenty-one  yeaiv.  Tests 
^>f  it  made  by  exjH»riinentersalx)ut  eighteen  years  ago  report  it  to  be  similar  to  Deacon 
and  Silver  Ball  and  the  tyi>e  recognizee!  at  that  time  seems  to  be  quite  different  from 
the  one  which  is  now  being  a<lvertis(Ml  by  seedsmen. 

Illustrations. — Same  as  for  California  Cream  Butter. 
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WHITE  FOBOING. 

Listed  by  three  seedsmen.     Seeds  tested:  Buist,  1899-1901;  Bolgiano,  1899-1903. 

Description. — A  fairly  butter  variety,  strictly  cabbage-heading,  very  small,  extremelT 
early,  and  shooting  to  seed  at  once  when  grown  outdoors.  Plant  extremely  compact, 
and  forming  a  heart-shaped  or  somewhat  pointed,  well-defined,  firm,  well-blanched 
head,  with  leaves  closely  overlapping  one  another,  except  that  their  borders  are 
turned  characteristically  backward  somewhat  like  the  petals  of  a  rose,  the  hcsd 
thereby  presenting  a  looser  leaf  growth  and  being  somewhat  obscured.  Leaves  broad 
in  shape,  blistered,  crumpled,  twisted,  thick,  stiff,  obscurely  crenate  at  margins,  slightly 
undulate  at  borders.  Color  a  beautiful  light  green,  never  spotted  nor  brownish  in 
any  part.  Quality  excellent;  very  sweet  and  slightly  buttery  in  flavor,  but  of  a  crisp, 
firm  texture  and  distinct  quality,  different  from  most  butter  sorts  and  soniewhat 
approaching  the  crisp  varieties.    Seeds  very  small,  whitish. 

Comparison. — One  of  the  lesser  grown  varieties.  Suitable  only  for  forcing  and  being 
the  earliest,  smallest,  and  most  compact  of  all  varieties  except  perhaps  Emperor 
Forcing  and  Density,  it  would  seem  to  be  the  best  suited  for  cold  frames  or  hotbeds, 
but  it  is  decidedly  too  small  for  general  greenhouse  use.  Wholly  unfit  for  the 
amatieur  or  for  outdoor  culture.  More  like  Golden  Queen  than  any  other  lettuce, 
differing  in  no  important  respects  except  size  and  earliness. 

Synonyms. — Bolgiano's  White  Forcing,  Perfection  Early  White  Forcing,  Buist's 
Perfection  White  Forcing. 

Confusing  immes. — California  Giant  White  Forcing,  Giant  White  Forcing,  Godden's 
White-Seeded  Forcing,  all  different  types  from  White  Forcing. 

History. — Listed  by  American  seedsmen  for  at  least  seventeen  years. 

Illnstrations. — A  mature  plant  of  the  variety  is  shown  on  Plate  VII.  The  solidity 
of  the  heads  is  illustrated  by  that  of  Matador,  on  Plate  XX. 

WHITE  GIANT. 

Listed  by  two  seedsmen.     Seeds  tested:  Ewing,  1902,  1903. 

Comparison. — So  far  this  new  variety  has  been  used  in  this  country  and  Canada  for 
experimental  planting  only.  The  trials  of  it  at  Washington  have  not  yet  been  suffi- 
cient to  determine  its  exact  usefulness  and  value  nor  to  say  which  of  our  varieties  it 
most  closely  resembles.  It  is  evidently  a  distinct  sort,  similar  in  appearan(*e  to 
Tennis  Ball  Black-Seeded,  but  very  late  in  season,  mammoth  in  size,  and  very 
spreading  in  habit.  At  Washington  it  has  done  very  poorly,  being  a  very  uncertain 
header  and  unreliable,  but  in  California  it  seems  to  grow  well.  Wholly  unfit  for 
forcing.    Seeds  blackish. 

HistQry.  —Listed  first  in  America  by  Wm.  Ewing  &  Co. 

WHITE  LOAF. 

Listed  by  four  seedsmen.  Seeds  tested:  F.  W.  Bolgiano  A  Co.,  1899,  1900,  1902; 
J.  Bolgiano  &  Son,  1903;  Griffith  &  Turner,  1899-1903. 

Comjmrison. — A  favorite  with  Washington  and  Baltimore  market  gardeners,  but 
apparently  not  known  nor  planted  elsewhere.  In  the  vicinity  of  these  cities  it  is 
largely  used  for  early  spring  sowing  and  is  almost  the  only  sort  planted  for  winter- 
ing over  outdoors.  For  the  last  three  years  stocks  of  this  variety  have  been  very 
much  mixed,  but  if  the  pure  strain  is  obtained  this  is  a  most  excellent  variety  and 
is  highly  recommended  to  both  amateurs  and  market  gardeners.  Usefulness  and 
value  much  the  same  as  Reichner  and,  except  that  it  is  lai^e-medium  in  size,  the 
description  is  the  same  as  given  for  that  variety.  White  Loaf  is,  however,  a  little 
later  to  mature  and  is  slower  to  shoot  to  seed,  as  *well  as  more  crumpled,  but  leas 
twisted,  in  its  leaves. 
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f^ynonynu. — Large  White  Loaf,  Bolgiano's  White  Loaf,  Large  Loaf,  Loaf. 

Confiming  name. — Sagar  Loaf,  which  is  a  very  different  type  from  White  Loaf. 

ffirforj/.— Apparently  named  and  first  introduced  by  J.  Bolgiano  &  Son  about  ten 
years  ago. 

lUtalralums. — The  general  habit  of  the  mature  plant  is  illustrated  l>y  that  of 
Reichner,  on  Plate  XVI;  the  young  plant  by  that  of  Nansen,  on  Plate  XXII,  and 
the  solidity  of  the  heads  by  that  of  Matador,  on  Plate  XX. 

WHITE  STAB. 

Listed  by  thirty  seedsmen.     Seeds  tested:  Ferry,  1899,  1901;  Tilton,  1901. 

Description. — A  crisp  variety,  sometimes  cabbage-like  in  growth,  but  generally 
decidedly  more  bunching  than  cabbaging;  marketable  at  an  intermediate  season, 
but  late  outdoors  in  attaining  fullest  development;  very  large;  slow  to  shoot  to  seed. 
Plant  fairly  compact  for  so  large  a  sort,  and  consisting  of  a  dense,  well- blanched 
cluster  of  leaves,  rounded  to  broadly  V-shaped  in  form,  its  innerniont  heart  leaves 
generally  curving  over  one  another  and  forming  an  incomplete  concealed  cabbage- 
like head,  partly  visible  at  the  top  of  the  plant.  Leaves  very  broad,  excessively 
blistered,  crumpletl,  and  twisted  into  lai^e,  coarse  folds;  also  very  thick  and  stiff 
and  with  heavy  veins  and  lai^ge,  protruding  midrib;  broadly  but  shallow  crenate  at 
inargiD.s;  decidedly  undulate  at  borders.  CJolor  very  light  green,  never  spotted  nor 
brownish  in  any  part.  Quality  poor;  hard  and  coarse  in  texture,  and  decidedly 
lacking  in  sweetness,  delicacy,  and  flavor.     Seeds  large,  whitish. 

Comparison. — A  popular  variety  of  the  United  States,  though  not  one  of  the  ten  mos 
largely  grown  sorts.  With  Grand  Rapids,  Detroit  Market  Gardeners*  Forcing,  and 
Black-Seeded  Simpson  it  forms  the  four  varieties  most  largely  grown  under  glass 
around  Detroit.  It  is  an  excellent  variety  for  summer,  and  in  some  outdoor  trials 
at  Washington  it  made  the  largest  and  most  showy  plants  of  any.  In  California  it 
does  not  grow  to  a  large  size.  A  fine  shipper  and  reliable.  An  excellent  variety  for 
market  gardeners  and  highly  recommended  to  them  for  trial  as  being  possibly  better 
tlian  any  other  for  certain  soils  and  gardens.  On  account  of  its  poor  quality,  not 
recommended  for  private  gardeners.  Very  distinct,  but  perhaps  more  like  Morse 
than  any  other  lettuce. 

%umym«.— Tilton's  White  Star,  Buckeye,  Golden  Beauty. 

HiMory. — Introduced  by  A.  Tilton  &  Son  in  1889. 

lUnMrations. — A  longitudinal  section  of  the  variety  is  shown  on  Plate  XXI.  The 
general  habit  of  the  plant  is  illustrated  by  that  of  Black-Seeded  Simpson,  on  Plate  I. 

WHITE  SXTHHEB  CABBAGE. 

Listed  by  fifty-five  seedsmen.  Seeds  tested:  Bridgeman,  1900,  1901;  Ferry,  1900, 
1901;  Henderson,  1900,1901;  Vaughan,  1901. 

Comparison. — Same  general  character  and  usefulness  as  Hubbard's  Market  and 
almost  identical  with  it.  As  received  in  Washington  a  little  larger,  more  spreading 
in  habit,  and  not  quite  so  even  in  type  nor  aa  desirable  as  that  variety.  For  descrip- 
tion see  Hubbard's  Market. 

Sjmonyms. — Large  White  Summer,  White  Cabbage. 

HiMory. — Known  in  this  country  for  at  least  twenty-three  years. 

lUuatrcUions. — Same  as  for  Hubbard's  Market. 

YELLOW-SEEDED  BTJTTEB. 

Listed  by  thirty  seedsmen.  wSee<ls  tested:  Burpee,  1899-1901;  Ferry,  1901,  1902; 
Henderson,  1901-1903. 

Deicription. — A  decidedly  butter  variety,  strictly  cabbage-heading,  medium  in  size, 
late-intermediate  in  season,  slow  to  shoot  to  seed.    Plant  compact  and  forming  a 


80  AMERICAN   VARIETIES    OF    LETTUCE. 

j^lobular,  firm,  very  well  defined,  well  blanched  head,  with  leaves  very  closely  over- 
lapping one  another.     Leaves  broad,  much  blistered  and  crumpled,  little  twisted, 
fairly  thick,  entire  at  margins,  flat  or  partly  blistered  at  Iwrders.     Color  light  green, 
never  spotted  nor  brownish  in  any  part.     Quality  good;  sweet,  buttery  in  flavor,  9c4t  ! 
in  texture.     Seeds  vellowish. 

Compaviaon. — A  popular  variety  of  the  United  States,  though  not  one  of  the  ten 
most  lai-goly  grown  sorts.  Useful  in  the  same  way  as  Tennis  Ball  Blat*.k-See<ied,  Iml 
later  in  season  and  probably  not  as  sure  heading  nor  reliable.  More  like  that  \-ariety 
in  ap|)earance  than  any  other.  Also  similar  to  Hubbard's  Market  and  White  Sum- 
mer Cabbage. 

Stniouifms. — (tray-Seeded  Butter,  Bloomsdale  Early  Summer,  Champion,  Champion 
S|)ring  and  Summer,  Moore's  Champion  Spring  and  Summer,  Denham's  Mam- 
moth Cireen,  Solid  Header. 

Hiaton/. — Introduced  by  Peter  Ilenderaon  &  Co.,  alx>ut  twenty-two  years  agi>. 

Illustrations. — Same  as  for  Tennis  Ball  Black -Seeded. 

YELLOW  WINTEB. 

Listed  by  one  seedsman.     Seeds  tested:  Thorburn,  1900-1902. 

Description. — A  decidedly  butter  variety,  strictly  cabbage-heading,  medium  in  eiae, 
early-intermediate  in  season,  fairly  slow  Xo  shoot  to  seed.  Plant  compact  aii<l  form- 
ing a  globular,  soft  to  somewhat  firm,  well  defined,  well  blanched  head.  Leave* 
uniformly  cup-shaped  and  uj)right,  especially  when  young,  and  very  closely  over- 
lapping one  another,  but  meeting  at  the  margins  only,  not  folding  past  one  another 
over  the  top  of  head,  the  whole  growtli  peculiarly  regular  and  formal.  I..eaves  hroail 
in  shape,  fairly  blistered,  crumpled,  thick  and  stiff,  never  twisted,  entire  at  luargins, 
flat  «>r  slightly  blistered  at  borders.  Color  medium  green,  slightly  tinged  light  bn^wn 
in  places,  apparently  not  spotted  but  occ^isional  spots  distinguishable  on  cl.i«- 
examination;  stem  of  plant  and  inner  head  leaves  wholly  green.  Quality  fair; 
medium  buttery  and  sweet  in  flavor,  fairly  tender.     Seeds  whitish. 

Compariso)}. — Scarce  and  little  planted.  Recommended  for  growing  in  frames, 
starting  early  and  trans j)lan ting  outdoors  in  spring,  or  for  late  fall  sowing  or  wintering 
over  outdoors.  Not  suited  for  summer.  A  strictly  market  gardener's  sort."  Usefai- 
ness  and  value  same  as  Cold  Frame  White  Cabbage  and  probably  more  like  that 
variety  in  appearani^e  than  any  other. 

Sifnonifms. — Thorburn's  Yellow  Winter. 

Hist(tr}f. — Introduced  in  1900  by  J.  M.  Thorburn  &  Co.,  who  state  that  it  is  of 
Euroj)('an  oiigin. 

Hfii.^tmtions. — A  mature  plant  of  the  variety  is  shown  on  Plate  IX  and  a  leaf  on 
Plate  XXIV'.     The  solidity  of  the  heads  is  illustrated  by  Matador  on  Plate  XX. 

CATALOGUE  OF  VARIETY  NAMES. 

The  following  list  embraces  nearly  all  varieties  catalogued  to-dav 
by  American  seedsmen.  Those  which  are  omitted  embrace  kinds  of 
which  the  tests  were  unsatisfactory  or  the  seed  not  obtainable.  Both 
distinct  and  subsidiary  sorts  are  included  in  this  list,  the  former  embi-ac- 
ino;  those  preferred  names  mentioned  in  the  preceding  list  of  real  varie- 
ties and  the  latter  those  so-called  varieties  which,  upon  trial,  have  been 
found  to  be  strains,  synonyms,  or  sorts  practically  identical  with  the 
true  varieties  already  described.     Following  each  variety  is  given  the 
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number  of  seedsmen  who  mention  that  variety  in  their  .seed  list  for  the 
year  1903.  Where  such  data  arfe  omitted,  the  name  has  been  regarded 
as  equivalent  to  some  other  similar  name,  and  the  number  of  seeds- 
men who  catalo^e  it  has  been  counted  with  those  of  the  preferred 
name.  The  seedsmen  mentioned  after  these  statements  are  those  from 
whom  seed  was  obtained,  and  upon  whose  samples  the  descriptions  are 
largely  based. 

Advancer.     {See  p.  28. ) 

Alaska.     (Listed  by  one  seedsman.     Seeds  tested:  Bailey,  1901.) 

Same  as  Golden  Curled.  Named  and  introduced  as  a  new  variety  in  1895  by  Sun- 
set Seed  Company. 

All  Cream.  (Listed  by  eight  seedsmen.  Seeds  te8te<l:  Mav,  18Si9-1903;  Salzer, 
1899,  1900,  1903. ) 
Prize  Head,  Hanson,  New  York,  Buttercup,  and  Chartier  were  refeive<l  in  re.s|K)nHe 
to  orders  for  this  variety.  Most  of  the  samples  from  Salzer  have  btn^i  Prize  Hea<l 
and  those  from  May  Kave  generally  been  Hanson.  Named  and  introduced  as  a 
novelty  in  1^2  by  John  A.  Salzer. 

All  Heart.     (Listed  by  two  seedsmen.    Seeds  tested:  Dreer,  1900-1902. ) 

Same  as  Tennis  Ball  Black-Seeded.  Named  and  introduced  as  a  new  variety  in 
1900  by  Henry  A.  Dreer.  The  type  is  quite  different  from  that  of  California  All 
Heart 

All  Rig^lit  Spring  and  Autumn.  ( Listed  b v  t  wo  seecismen .  Seeds  tested :  M  icliel  1 , 
1900-1903. ) 
Same  as  Mammoth  Black-Seeded  Butter.  Named  and  introduced  as  a  new  variety 
in  1900  by  Henry  F.  Michell  under  the  name  of  Michell's  All  Right  Spring  and 
Summer,  but  changed  in  1902  to  MichelPs  All  Right  Spring  and  Autumn.  The  type 
is  quite  different  from  that  of  Myer's  All  Right. 

All  Bdgbt  Spring  and  Summer.     (Seeds  tested:  Miehell,  1900-1901. ) 
See  All  Right  Spring  and  Autumn. 

All  Seasons.     (See  p.  28. ) 

All  the  Year  Round.  (Listed  by  forty -five  seedsmen.  Seeds  tested:  (tregorv, 
1900;  Henderson,  1899,  1900,  1902.) 
The  type  universally  sold  in  the  United  States  under  this  name  is  Tenniw  Ball 
Black-Seeded,  but  in  ICngland  another  type  is  said  to  l)e  in  ur*.  The  variety  is  of 
foreign  origin  and  has  b«en  listed  by  American  seedsmen  for  at  least  twenty -eijifht 
years. 

Always  Ready.     (Seeds  tested:  Landreth,  1899.) 

Same  as  Defiance.  Named  and  first  listed  in  1894  by  D.  Landreth  Se^nl  Company, 
but  not  catalogued  after  1899.     The  name  seems  to  have  wholly  g(jne  out  of  use. 

American  Gathering.     {See  p.  29. ) 

Arlington  Tennis  Ball  Black-Seeded.     (Listed  by  one  seedsman.     Seeds  tested: 
Burwell,  1899.) 
Same  as  Tennis  Ball  Black-Seeded.    The  word  Arlington  is  attached  to  th(»  eoiu- 
mon  name  because  the  variety  is  popular  with  gardeners  at  Arlington,  Mass.,  but 
Bometimes  it  is  added  to  indicate  also  that  the  stock  seed  is  grown  at  that  place. 

Arlington  Tennis  Ball  White-Seeded.     (Listed  by  four  seedsmen.     Seeds  tesUul: 
Burwell,  1899;  Johnson  &  Stokes,  1899. ) 
Same  afl  Tennis  Ball  White-Seeded.    The  word  Arlington  is  attached  to  the  com- 
mon name  l^ecause  the  variety  is  popular  with  gardeners  at  Arlington,  Mass.,  but 
sometimes  it  is  added  to  indicate  also  that  the  stock  seed  is  grown  at  that  place. 

Asiatic,     (.^^p.  29.) 

Asparagus.     {See  p.  30. ) 

Asparagus  Lobed-Leaved.     {See  p.  30.) 
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Atlanta  Market.  (Listed  by  one  seedsman.  Seeds  tested:  McMillan,  1901-19Q3.) 
As  received  here  this  variety  has  been  very  different  every  year,  the  sampleeof 
the  various  years  being  identified  as  Denver  Market,  Deacon,  and  New  Yoft 
Name<l  and  first  listed  by  McMillan  Seed  Company  in  1900,  but  it  seems  that  before 
this  time  it  was  listed  as  McMillan's  Cabbage. 

Australian  White  Triumph.     (Listed  bv  one  seedsman.     StKxls  teste<l:  Moore  A 
Simon,  .1901,  MK)3.) 
Same  as  Deacon.     Named  and  intmducM  in  1900  by  Moore  &  Simon,  who  gt»te 
the  variety  was  received  from  a  market  gardener  in  Australia.     The  type  is  quite 
different  from  the  Triumph  catalogued  by  other  seedsmen. 

Balloon  Cos.     (Seeds  tested:  Bridgeman,  1899,  1900;  Evans,  1901;  R.  H.  Johnson, 
1903. ) 
This  variety,  which  is  a  well-known  foreign  sort,  is  not  now  catalogued  by  swdir 
men  of  the  Ihiited  States.     It  was  listed  by  W.  Atlee  Burpee  &  Co.  in  18841    Very 
similar  to,  possibly  identical  with,  Paris  White  Cos. 

Baltimore  Cabbage.      (Listed  by  two  seedsmen.     Seeds  tested:  Griffith  &  Tomer, 
lHM9-mn.) 
Same  as  Tennis  Ball  Black-Seeded.     Named  and  introduced  by  (Triffith  &  Tnrner 
in  1892.     The  name  is  well  known  in  the  vicinity  of  Baltimore,  but  is  little  heard  of 
elsewhere. 

Baltimore  Oak-Leaved.     (See  p.  31.) 

Batavian  Brown  Dutch.      (Seeds  tested:  El)eling,  1899,  1900. ) 
Same  Jis  Brown  Dutch  Black-Seeded. 

Bath  Cos.     {Sceiy.  31.) 

Beckert's  Brown  Curled.     (Seeds  tested:  Beckert,  1899,  1900,  1^K)2,  1903.) 
Described  under  Brown  Curled. 

Beckert' s  Golden  Curled.     (Seeds  tested:  Beckert,  1899,  1900,  1903.) 
Described  under  (rolden  Curled. 

Bigr  Boston.     (^S*^^  p.  32.) 

Big^  Head.  (Listed  by  four  seedsmen.  Seeds  tested:  F.  W.  Bolgiano  &  Co.,  1900, 
1901;  J.  Bolgiano  &  Son,  1903;  (.Triffith  &  Turner,  1899-1901;  Salzer,  1900.) 
Identical  with  Deacon  as  received  from  F.  W.  Bolgiano  <fe  Co.  and  J.  Bolgiano  & 
Son,  Big  Boston  as  received  from  (Jriffith  &  Turner,  and  Denver  Market  as  received 
from  John  A.  Salzer.  The  name  was  apparently  first  used  by  J.  Bolgiano  &  Son  and 
is  well  known  in  the  vicinity  of  Baltimore  and  Washington,  but  little  heard  of 
elsewhere. 

Black-Seeded  gutter.      (Listed  bv  fourteen  seedsmen.     Seeds  tested:    Burpee, 
1899-1901,  1^K)3;  Henderson,  1901.) 
Same  as  Tennis  Ball  Black-Seeded.     Listed  by  American  seedsmen  for  at  lea^ 
twenty  years.     Sometimes  described  as  larger  than  Tennis  Ball  Black-Seeiled.    The 
tyiK*  is  a  different  one  from  that  of  Mammoth  Black-Seeded  Butter. 

Black-Seeded  Simpson.     (.SVc  p.  33.) 

Black-Seeded  Summer.  ( Listed  bv  four  seedsmen.  Seeds  tested:  F.  W.  Bolgiany 
&  Co.,  1902;  (Griffith  <fe  Turner,  1899,  1900.) 
Same  JUS  Tennis  Ball  Black-Seeded.  Named  and  introduced  in  1898  by  Griffith  A 
Turner.  The  name  is  well  known  in  the  vicinity  of  Baltimore  and  Washington,  but 
is  little  heard  of  elsewhere.  In  the  latter  place  it  is  al)out  the  only  sort  used  for 
summer  growing. 

Blonde  Beauty.     (Listed  by  six  seedsmen.     Seeds  tested:  Vaughan,  1899-1901.) 

Recognized  evervwhere  as  the  same  as  Blonde  Block  Head.  Introduced  from 
Fran<'e  al)out  1890  by  si'veral  American  seedsmen.  The  type  is  quite  different  from 
Golden  Beauty. 

Blonde  Block  Head.     (»See  ]).  34.) 

Bloomsdale  Butter.     (Listed  bv  three  see<lsmen.     Sewls  tested:  I^ndreth,  189^ 
1901.) 
Same  as  Tennis  Ball  Black -Seede<l.     Named  and  intnKluced  by  D.  I^mlreth  See«l 
Company,  who  have  listed  the  variety  for  at  lea.st  twenty  years. 
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Bloonudale  Earlv  Stunmer.  (Listed  bv  two  seedsmen.  Seeds  tested:  Dallwi^, 
1901;  Laudreth,  1899-1901.) 
Same  as  Yellow-Seeded  Butter.  Named  and  introduced  as  a  new  variety  in  1860 
by  D.  Landreth  Seed  Company,  who  state  that  it  is  the  result  of  a  hybridization 
between  the  French  Perpignan  and  English  Imperial.  Said  to  be  known  as  Creole 
in  the  vicinitv  of  New  Orleans.  The  type  is  qmte  different  from  that  of  Blooms^laU^ 
Batter  and  Bloomsdale  Reliable. 

BloomBdale  Heliable.  (Listed  by  two  seedsmen.  Seeds  tested:  Landreth,  1899- 
1901.) 
Same  as  Tennis  Ball  Black-Seeded.  Named  and  mtrodueed  as  a  new  variety  in 
1860  by  D.  Landreth  Seed  Company,  who  state  that  it  is  the  result  of  a  hvbridization 
between  the  French  Perpignan  and  English  Imperial.  The  type  is  quite  different 
from  that  of  Bloomsdale  Earlv  Summer. 

m 

Bolgiano's  Black-Seeded  Summer.     (Seeds  tested:  F.  W.  Bolgiano  &  Co.,  1901, 
1902.) 
Described  under  Black-Seeded  Summer. 

Bolgiano's  Big  Head.     (Seeds  tested:  F.  W.  Bolgiano  &  Cx).,  1900,  1901;  J.  Bol- 
giano <&  Son,  1903.) 
D«cribed  under  Big  Head. 

Bolgiano's  Early  Spring:.     {Seeds  tested:  F.  W.  Bolgiano  &  Co.,  1899-1903.) 
D^ribed  under  Early  Spring. 

Bolgiano's  Farmer's  Pride.     (Seeds  tested:  J.  Bolgiano  &  Son,  UH)3. ) 

Described  under  Farmer's  Pride.    The  name  seems  to  be  known  only  in  the 
vicinity  of  Baltimore  and  Washington. 

Bolgiano's  Gk>Iden  Heart.     (Listed  by  one  seedsman.     Seeds  tested:  J.  Bolgiano 
&  Son,  1903. ) 
Same  as  Deacon,  and  different  from  that  usually  sold  as  Golden  Heart. 

Bolgiano's  White  Forcing.     (Seeds  tested:  F.  AV.  Bolgiano  &  Co.,  1899-1903.) 
Dejcribed  under  White  Forcing. 

Bolgiano's  White  Loaf.     (Seeds  tested:  F.  W,  Bolgiano  &  Co.,  1899,  1900,  1902; 
J.  Bolgiano  <&  Son,  1903.) 
Describe  under  AVhite  Loaf. 

Bonanza.     ( Listed  hy  one  seedsman.    Seeds  tested:  Schwill,  1899-1901.  J 

Same  as  New  York.    Named  and  introduced  in  1900  by  Otto  Schwill  &  Co.,  as 
SchwiU's  Bonanza. 

Bon  Ton.     (-Step.  34.) 

Boston  Curled.     (See  p.  34.) 

Boston  Fine  Curled.     (Listed  bv  four  seedsmen.     Seeds  tested:  Farquhar,  1899- 
190L) 
Same  as  Boston  Curled. 

Boston  Forcing.     (Listed  by  one  seedsman.     Seeds  tested:  Vick,  1903. ) 

Same  as  Hothouse.     The  type  is  quite  different  from  that  of  Big  Boston,  Boston 
Curled,  and  Boston  Market.  ' 

Boston  Forcing  Tennis  Ball  White-Seeded.     (Liste<l  bv  one  seedsman.     See(l 
tested:  Farquhar,  1901-1903.) 
Same  as  Hothouse.    The  tjrpe  is  quite  different  from  that  of  Boston  Market,  Big 
Boston,  and  Boston  Curled. 

Boston  Glasshouse.     (Seeds  tested:  Noll,  1901.) 

Same  as  Hothouse.     It  should  not  be  confounded  with  Big  Boston,  Boston  Market, 
and  Boston  Curled. 

Boston  Market.  (Listed  by  ninety-three  seedsmen.  Seeds  tested:  Buckboe,  1901 ; 
Burpee,  1901;  Henderson,  1901,  1902;  Michell,  1899;  Thorburn,  1899-1901.) 
A(x5ept«d  everywhere  as  the  same  as  Tennis  Ball  White-Seeded.  The  name  Bon- 
ton  Market  has  bt^n  used  for  twentv-five  or  more  years  because  this  lettuce  is  so 
laigely  planted  by  Boston  market  gardeners.  The  type  is  different  from  that  of  Hi^ 
Boston,  Large  Boston  Market,  Boston  Curled,  Boston  Glasshouse,  Boston  HothoUv«e, 
tod  Boston  Forcing. 
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Brig^gs'  Forcing  and  Garden.     (Seep.  35.) 

Brittle  loe.     {See  p.  35. ) 

Bronzed  Curled.  (Listed  by  one  seedsman.  Seeds  tested:  Landreth,  1899-1902.) 
Same  as  Chartier.  Named  and  introduced  as  a  new  variety  in  1893  by  D.  Land- 
reth Seed  Company.  The  type  is  ouite  different  from  that  of  Bronzed  Head, 
Hartford  Bronzed  fiead,  Brown  Heaa,  ShotwelPs  Brown  Head,  Bata\ian  Brown 
Head,  and  Bronzed  Red. 

Bronzed  Head.     (Listed  bv  one  seedsman.     Seeds  tested:  Veitch,  1899.) 

Same  as  Hartford  Bronzed  Head.  The  type  is  quite  different  from  that  of  Brown 
Head,  ShotwelPs  Brown  Head,  Batavian  Brown  Head,  Bronzed  Curled,  and  Brown 
Curled. 

Bronzed  Bed.     (Listed  by  one  seedsman.     Seeds  tested:  Eastman,  1899 — 1902.) 

Same  as  Red  Basson.  Named  and  introduced  by  the  above  seedsman,  who  states 
that  it  is  a  chance  seedling  or  sport.  The  type  is  quite  different  from  that  of  Brons^ 
Curled,  Brown  Curled,  Bronzed  Head,  Hartford  Bronzed  Head,  and  Shotwell's 
Brown  Head. 

Brown  Chartier.     (Listed  by  one  seedsman.    Seeds  tested:  Scott,  1899 — 1903.) 

Same  as  Chartier.  The  word  **  Brown  "  is  applied  by  the  above  seedsman  to  distill^ 
p^sh  the  variety  from  White  Chartier. 

Brown  Curled.     (Listed  by  two  seedsmen.     Seeds  tested:  Beckert,  1899, 1900, 1902, 
1903;  Comstock,  Ferre  &  Co.,  1901,  1902.) 
Same  as  Chartier.     The  type  is  quite  different  from  that  of  Bronzed  Head,  Brown 
Head,  and  ShotwelPs  Brown  Head. 

Brown  Dutch  Black-Seeded.     {See  p.  35. ) 

Brown  Dutch  White-Seeded.     {See  p.  36.) 

Brown  Genoa.     {See  p.  36.) 

Brown  Head.     {See  p.  36. ) 

Buckbee'B  Earliest  Forcing.     (Listed  by  one  seedsman.    Seeds  tested:  Buckbe?, 
1899—1901.) 
Same  as  Black-Seeded  Simpson.     Named  and  introduced  in  1897  by  H.  W.  Buck- 
bee.    The  variety  should  not  be  confounded  with  Earliest  Cutting,  as  sold  by  W.  E. 
Dallwig. 

Buckbee's  Ice  Drum  Head.     (Listed  by  one  seedsman.    Seeds  testeil:  Backbee, 
.  1899—1901.) 

Same  as  Prize  Head.  A  decidedly  bunching  sort;  not  cabbage  heading,  as  the 
name  would  seem  to  indicate. 

Buckbee'B  Ideal.     (Listed  by  one  seedsman.     Seeds  teste<l:  Buckbee,  1900. ) 

Same  as  Tennis  Ball  White-Seeded.  Named  and  first  listed  by  H.  W.  Buckbee, 
in  1900. 

Buckbee's  Superb.     (Listed  by  one  seedsman.    Seeds  tested:  Buckbee,  1901.) 

Same  as  Hothouse.  Apparently  named  and  first  listed  by  above  seedsman.  The 
type  is  quite  different  from  that  of  Hastings'  Superba. 

Buckbee'B  Surprise.     (Seeds  tested:  Buckbee,  1903.) 
Described  under  Surprise. 

Buckeye.     (Listed  by  one  seedsman.     Seeds  tested:  Til  ton,  1901.) 
Same  as  White  Star.     Named  and  first  listed  in  1901  by  A.  Tilton  &  Son. 

Burpee'B  Butter  Head.     {See  p.  37. ) 

Burpee'B  Hard  Head.     (Seeds  tested:  Burpee,  1899—1903.) 
Described  under  Hard  Head. 

Burpee'B  Prize  Head.     (Seeds  tested:  Farquhar,  1900,  1901.) 
Described  under  Prize  Head. 

Burpee'B  Silver  Ball.     (Seeds  tested:  Burpee,  189$)— 1902.) 
Described  under  Silver  Ball. 

Burpee'B  Tomhannock.     (Seeds  tested:  Buri>ee,  1899—1901,  1903.) 
Described  under  Tomhannock. 

Buttercup.     (*9<'cp.  37.) 
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California  All  Head.     (Listed  bv  one  seedsman.    Seeds  tente^l:  R.  11.  Johnson, 
1901. ) 
Same  as  Mammoth  Black-Seeded  Batter.    The  type  is  quite  different  fn>in  that  of 
California  All  Heart. 

California  All  Heart.     (See  p.  38.) 

California  Cabbage.     (Listed  by  one  seedsman.    Seeds  tested:  Shumwav,  1900, 
1901.) 
Same  as  California  Cream  Butter  in  1900  and  Deacon  in  1901.     Name<i  and  first 
listed  by  above  seedsman. 

California  Cream  Butter.     (See  p.  38.) 

California  Giant  White  Forcing.    ( Liste<l  by  one  seedsman .    Seedn  test^l :  Moore  * 
<&  Simon,  1900,  1903.) 
Same  as  Big  Boston.     Named  and  introduced  as  a  new  variety  in  1892  by  M(M>re  & 
Simon,  under  name  of  Lai>;e  White  Forcing,  but  changed  by  them  in  1895  to  Cali- 
fornia Giant  White  Forcing.    The  type  is  quite  different  from  that  of  White  Forcing 
and  Perfection  White  Forcmg. 

Celery  Cos.     (Listed  by  fourteen  seedsihen.    Seeds  tested:  Livingston,  1899,  1900.) 
Same  as  Paris  White  Cos. 


don.     (Listed  by  one  seedsman.    Seeds  tested:  Burwell,  1899 — 1901.) 
Same  as  Yellow-Seeded  Butter. 

Champion  Spring  and  Summer.    (Listed  by  three  seedsmen.    Seeds  teste<1 :  John- 
son &  Stokes,  1899—1902;  Moore  &  Simon,  1900,  1901. ) 
Same  as  Yellow-Seeded  Butter.     Named  and  introduce*!  as  a  new  variety  in  1891 
by  Johnson  &  Stokes.    The  type  is  quite  different  from  that  of  All  Right  Spring  and 
Autumn. 

Chartier.     (Seep.  39.) 

Chesterfield.     ( Seeds  tested :  Wood,  1901 . ) 

Same  as  Big  Boston.     Named  and  introduced  as  a  new  variety  in  1901  by  T.  W. 
Wood  &  Son,  but  not  listed  by  them  or  any  other  seed  house  after  that  year. 

Chicago  Forcing.     (Seep,  39. ) 

Childs'  Half  Centnrv.     (Seeds  tested:  Childs,  1899—1903.) 
Described  under  Half  Century,  on  page  52. 

Cincinnati  Market.     (Listed  by  three  seedsmen.    Seeds  tested:  J.  C.  McCul lough, 
1902,  1903.) 
Same  afe  Denver  Market. 

Cincinnati  Market  Gardener's  Brown  Curled.     ( Listed  bv  one  see<lsman.    Seeds 
tested:  Weber,  1903.) 
Same  as  Prize  Head.    The  type  is  quite  different  from  that  of  Brown  Curled  or 
Bronzed  Curled. 

Cold  Frame  White  Cabbage.     (aS^^  p.  40. ) 

Conatitution.     (Listed  by  one  seedsman.    Seeds  tested:    Great  Nortliern  Seed 
Companv,  1901,  1903. 
Same  as  Bubck-Seeded  Simpson.     Named  and  introduce<i  as  a  new  variety  in  1901 
by  the  above  seedsmen. 

Continuity'.     (Listed  by  five  seetlsmen.    Seeds  tested:  Burpee,  1901 — 1903;  Thor- 
bum,  1903.) 
Same  as  Red  Besson.    Introduced  from  England  as  a  new  variety  by  W.  Atlee 
Burpee  &  Co.  in  1901. 

Copper  Head.     (Listed  by  one  seedsman.    Seeds  tested:  Johnson  &  Stokes,  1902, 
1903.) 
Same  as  Eureka.    Named  and  introduced  as  a  new  variety  in  1902  by  above 
seedsmen. 

Cream  Batter.     (Listed  by  four  seedsmen.    Seeds  tested:  Childs,  1899 — 1901.) 
Same  as  California  Cream  Butter. 
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Crisp  as  Ice.     (Listed  by  six  seedsmen.     Seeds  tested:  Burpee,  1901:  Living^oc, 
1900—1902;  Maule,  1899—1901.) 
Same  as  Hartford  Bronze<l  Head.     Named  and  introduced  as  a  new  variety  in  ISN 
by  Livingston  Seed  Company. 

Crisp  and  Tender.     (Listed  by  one  seedsman.    Seeds  tested,  Buckbee;  1901.) 
Same  as  White-Seeded  Simpson.     Named  and  first  listed  by  above  seedsman. 

Crosman's  Gk>lden  King*.     (Seeds  tested:  Crosman,  1899,  1900.) 
De8crilt)ed  under  Golden  King. 

Crosman's  Improved.     (Listed  by  one  seedsman.     Seeds  tested:  Croeman,  1900, 
1901.) 
Same  as  Tennis  Ball  Black-Seeded.     Named  and  first  listed  by  above  seedsman. 

Crumpled-Leaved.     {See  p.  40. ) 

Curled  India.     (Listed  bv  nine  seedsmen.     Seeds  tested:  Landreth,   1899,  190'}» 
1901.) 
Same  as  Iceberg.     A  very  old  name  known  to  American  seedsmen  for  at  least 
forty  years,  but  now  nearly  gone  out  of  use.     It  is  also  sold  as  India,  Large  Cari«i 
India,  and  Large  India.     The  name  is  best  known  in  New  England. 

Cut  and  Come  Ag'ain.     (Listed  by  one  seedsman.     Seeds  tested:  Moore  <&  Sin»iia, 
1900-1903. ) 
Same  a^s  Black-Seeded  Simpson.     Named  and  introduced  as  a  new  variety  in  1S9d 

by  above  seedsmen. 

Danunann's  Ice.     {See  p.  41.) 

Daybreak.     (Listed  bv  one  seedsman.     Seeds  tested:  Buckbee,  1903.) 
Same  as  Black-Seeded  Simpson.     Named  and  first  listed  in  1903  by  H.  W.  Buckbee. 

Dayton  Market.     (Listed  by  one  seedsman.    Seeds  tested:  Ritter,  1899.) 

Same  as  Denver  Market.  Apparently  first  named  by  above  seedsman,  who  states 
it  is  very  popular  with  the  market  gardeners  of  Dayton,  Ohio,  and  that  it  has  been 
grown  in  the  vicinity  of  that  city  for  more  than  thirty-five  years. 

Deacon.     (See  p.  41.) 

Defiance.     {Seep.  41.) 

.Delicate.     (Listed  by  one  seedsman.    Seeds  tested:  Page,  1901.) 

Same  as  Mignonette.     Named  and  first  listed  in  1901  by  Page  Seed  Company. 

Denham's  Mammoth  Green.     (Listed  by  one  seedsman.    Seeds  tested:  Harvter 
1899,1901,1902.) 
Same  as  Yellow-Seeded  Butter.    The  name  was  apparently  first  used   by  above 
seedsman. 

Density.     {See  p.  42. ) 

Denver  Market.     {See  p.  43.) 

Detroit  Market  Ghardener's   Forcing.     {See  p.  43.) 

Dickmann's  Early  White  Butter.     (Seeds  tested:  Dickmann,  1899.) 
Described  under  Early  White  Butter. 

Dickmann's  Private  Stock.     (Seeds  tested:  Dickmann,  1899,  1900.) 
Same  as  Tennis  Ball  Black-Seeded. 

Dickmann's  St.  Louis  Market.     (Seeds  tested:  Dickmann,  1899,  1901.) 

Same  as  Hubbard's  Market.  The  type  is  quite  different  from  that  of  St.  Lout' 
Butter  and  St.  Louis  Blat'k-Seeded  Forcmg. 

Dreer's  Hanson.     (Seeds  tested:  Dreer,  1900,  1901.) 
Described  under  Hanson. 

Drum  Head.  (Listed  by  twenty-four  seedsmen.  Seeds  tested:  Gomstock,  Ferre 
&  Co.,  1901;  Farquhar,  1901;  Steckler,  1901.) 
Same  as  Malta.  The  words  Drum  Head,  either  alone  or  in  connection  with  other 
words,  have  been  used  in  this  country  for  at  least  thirty-eight  years  to  form  names  of 
a  great  number  of  different  types  of  lettuce.  Therefore,  when  this  name  is  used  it  is 
uncertain  which  type  is  referred  to.  Drum  Head  seems  to  have  been  first  applied  io 
the  Malta  lettuce  and  is  to-day  probably  most  correctly  applied  to  that  type.  Maltflf 
Deacon,  California  Cream  Butter,  and  Hubbard's  Market  seem  to  be  the  types  most 
sold  under  the  name  of  Drum  Head. 
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Dwarf  TKTlxite  Heart  Cos.     (See  p.  44. ) 

Earliest  Cutting*.     (See  p.  44. ) 

Earliest  of  AU.     (See<l8  t<-ate(l:  Sioux  Falls  Seed  Company,  1899,  1900.) 

Same  as  Black-Seeded  Simpson.     Named  and  first  listed  by  above  seedsmen.     The 
type  i?«  quite  different  from  that  of  Earliest  Cutting. 


.y   Butter.     (Listed    by  two  seedsmen.     Seeds  te.sted:    Gregory,    1899-1901; 
Weeber  and  Don,  1900,  1901. ) 
Same  as  Philadelphia  Butter  of  received  from  the  former  and  Tennis  Ball  Blark- 
SetKie<l  from  the  latter  seedsmen.     A  very  uncertain  name  and  likely  to  be  taken  for 
either  of  the  above  types  or  for  Hubbard's  Market. 

£arly  Cabbage.     (Listed  by  nine  seedsmen.     Seeds  tested:  McMillan,  19(K),  1901.) 
Same  as  Hubbard's  Market.     The  use  of  this  ambiguous  name  is  discouraged.     It 
is  often  taken  to  refer  to  a  numl)er  of  similar  name<l  types  of  wholly  different  char- 
aoter. 

Early  Cliallen^e.     (Listed  by  one  seedsman.     Seeds  tested:  May,  1899,  19(X). ) 

Same  as  Hubbard's  Market.     Named  and  first  listed  about  seven  years  ago  by  the 
above  seeiisman. 

Early  Curled  Silesia.     (See  p.  44. ) 

Early  Curled  Simpson.     (See  p.  45.) 

Early  ]>rum  Head.     (Seeds  tested:  Schisler-Comeli,  1903.) 
Same  as  Hubbard's  Market.     See  Drum  Head. 

Early  l>utcb  Butter.     (Seeds  tested:  Buist,  181^9,  1900.) 
Same  as  Speckled  Dutch  Butter. 

Early  Market.     (Listed  bv  three  seedsmen.     Sethis  tested:  Eichling,  1900,  1901; 
May,  1899,  1900,  1903;  Schindler,  1903.) 
Same  as  Hubbard's  Market. 

Early  Ohio.     (Listed  bv  four  seedsmen.     Seeds  tested:  Bruce,  1899,  1900;  Robert 
Evans,  1901;  Lee,  1903.) 
Same  as  Denver  Market.     The  Robert  Evans  Seed  Company  claims  to  have  first 
introduced  this  variety.    It  was  listed  in  this  country  as  a  new  variety  about  sixteen 
years  ago. 

Early  Prize  Head.     (Seeds  tested:  Buckbee,  1901;  Burpee,  1900-1903;  Ferry,  1900, 
1901;  Henderson,  1901.) 
Same  as  Prize  Head. 

Early  Silver  Ball.     (Seeds  tested:  Johnson  &  Stokes,  1901.) 
Same  as  Silver  Ball. 

Early  Spring.     ( Listed  by  two  seedsmen.    Seeds  tested :  F.  W.  Bolgiano,  1899-1903. ) 
Same  as  California  Cream  Butter.     The  name  was  probably  first  used  by  above 
yeedsman  or  by  J.  Bolgiano  &  Son,  and  seems  to  be  known  only  in  the  vicinity  of 
Washington  and  Baltimore. 

Early  Tennis  Ball  Black-Seeded.     (Seeds  tested:  Ferry,  1900,  1901. ) 
Same  as  Tennis  Ball  Black-Seeded. 

Early  White  Butter.     (Listed  by   four  seedsmen.     Seeds  tested:    Buist,    1899; 
Dusard,  1899;  Michell,  1899.) 
Same  as  Hubbani's  Market. 

Early  White  Cabbage.     (Listed  by  fourteen  seedsmen.     Seeds  tested:  Dreer,  lfK)l 

^  Michell,  1899;  Moore  &  Simon,  1900;  Steckler,  1901.) 

Same  as  Hubbard's  Market  as  received  from  Henry  F.  Michell  and  lieichner  ad 
received  from  the  other  seedsmen  mentioned  above. 

Early  White  Self-Folding  Cos.     (Seeds  tested:  Ferry,  1899,  1901.) 
Same  as  Paris  White  Cos. 

Eclipse.     (Listed  by  one  seedsman.     Seeds  tested:  Great  Northern,  1903.) 

Same  as  Tennis  Ball  Black -Seeded.     Named  and  introduced  as  a  new  variety  in 
1902  by  Great  Northern  Seed  Company. 
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Eichliug'8  Early  ICarket.    (Seeds  tested:  Eichling,  1900, 1901.) 
Described  under  Early  Market. 

Elliott's  Leviathan.     (Seeds  tested:  Elliott,  1901.)    Described  under  LeviatbaiL 

Emerald.     (Listed  by  one  seedsman.     Seeds  tested:  Great  Northern,  1900. ) 

Same  as  Prize  Head.  Named  and  introduced  as  a  new  variety  in  1900  by  Oreat 
Northern  Seed  Company. 

Emperor  Forcing.     {See  p.  45.) 

Emperor  William.     {See  p.  46. ) 

Eng-el's  Forcing*.     (Listed  by  one  seedsman.) 
Same  as  Detroit  Market  Gardener's  Forcing;.     A  local  name  used  by  Lotiruoaii 

Seed  (\)nipany,  of  Detroit,  Mich. 

Erfurt  Large  Thick  Head  Yellow.     (Seecls  tested:  Dallwig,  1899, 1900.) 
Same  as  Thick  Head  Yellow. 

Eureka.     (/.9f«p.  46.) 

Evans'  Hamilton  Market.     (Seeds  tested:  Robert  Evans,  1901.) 
Same  as  Hanson.     Described  under  Hamilton  Market. 

Everlasting.     (Listed  bv  one  seedsman.    Seeds  tested:  Everitt,  1899,  1900,  1903L4 
Same  as  Tennis  Ball  Black-Seeded.     Listexi  by  above  seedsman  for  at  least  ei^ht 
years,  ])nt  apparently  never  listed  by  other  seed  houses. 

Excelsior.     ( Listed  by  one  seedsman.     Seeds  tested:  Ewing,  1900,  1903.) 

Same  as  Hanson.  Apparently  lirst  named  and  listed  by  above  seedsman.  The 
type  is  quite  different  from  that  of  KendeFs  Excelsior  Head. 

Express  Cos.     {See  p.  4(>,) 

Farmer  Seed  Co.'s  New  Ice.     (Listed  by  one  seedsman.    Seeds  testeti:  Farmer 
Seed  Company,  1908. ) 
Same  as  New  York.     Named  and  introduced  as  a  new  variety  in  1903  by  Fanner 
SeiMl  C'ompany. 

Farmer's  Pride.    (Listed  by  two  seedsmen.   Seeds  tested:  J.  Bolgiano  &  Son,  1903.) 
Same  as  White  Cnavigne. 

Farquliar's  Long'-Standing.  (Listed  by  one  seedsman.  Seeds  tested:  Farquhar, 
1899-1901.) 
Same  as  Tennis  Ball  Black-Seeded.  Named  bv  above  seedsman,  but  other  similar 
names,  like  Long-Standing  Cabbage,  listed  by  Vf.  Atlee  Burpee  in  1886,  Long-Stand- 
ing-Bronze  Head,  listed  by  Johnson  &  Stokes  in  1893,  and  Long-Standing  White  Cos, 
listed  ])y  Germain  Seed  Company  in  1896,  have  formerly  b^n  in  use,  though,  all 
seem  to  be  very  different  from  this  type. 

Faust's  aueen.     (Seeds  tested:  Faust,  1899,  1900.) 
Describe<l  under  Queen. 

Favorite.     (Seeds  tested:  Schisler-Corneli,  1901.) 

Same  as  St.  lx)iiis  Black-Seeded  Forcing.  Named  and  introduced  in  1900  by  above 
seedsmen,  but  not  now  listed  by  them  or  any  other  seed  house.  The  type  is  qaite 
different  from  that  of  Rudolph's  Favorite,  Sutton's  Favorite,  Gardener'a  Favorite, 
and  Florida  Favorite. 

Perry's  Early  Prize  Head.     (Seeds  tested:  Ferry,  1900,  1901.) 
Same  as  Prize  Head. 

First  Crop.     (Listed  by  one  seedsman.     Seeds  tested:  Weaver,  1903.) 

Same  as  Matador.  Named  and  introduced  as  a  new  variety  in  1903  by  the  above 
seedsman.     The  type  is  (luite  different  from  that  of  First  Early. 

First  Early.     (Listed  by  one  seedsman.     Seeds  tested:  Great  Northern  Seed  Com- 
pany, 1<KX),  1901.) 
Same  as  Black-Seeded  Simpson.     Named  and  first  listed  by  Great  Northern  Seed 
Company.    The  type  is  quite  different  from  that  of  First  Crop. 

Florida  Header.     (Listed  bv  one  seedsman.     Seeds  tested:  Crosman,  1900,  1901; 
Hastings,  1901.) 
Same  as  Keichner. 
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Forty  Day.     (Listed  by  one  Hfedsiimn.     Seeds  tested :  Maule,  1902,  19U.3.) 

Same  a«  Nansen.    Named  and  introduced  as  a  new  variety  in  1902  by  William 
Henry  Maule. 

Franlcfort  Head  Black-Seeded.    ( Listed  by  six  seedsmen.    Seeds  U^stet  I :  Briiiker, 
1899,  1901;  Kendel,  1901.) 
Same  as  Tennis  Ball  Black-Seeded.     A  very  old  name,  known  in  this  I'ountry  for 
at  lesfit  thirty-seven  years. 

Franlcfort  Head  White-Seeded.     ( LiRte<l  bv  one  seedsman.    Seeds  ti's ted :  Hrinker, 
1899. ) 
Same  as  Tennis  Ball  White-Seede<i.     A  verv  old  name,  known  in  this  countrv  for 
at  least  thirty-seven  years. 

Frencli  Market.     (Listed  bv  one  seedsman .     Seeds  tested:  Stickler,  IIKK),  HH)1, 
1903.) 
Same  as  Hubbard's  Market.     Named  and  introduced  as  a  new  variety  in  1899  ]>y 
J.  Steckler  Seed  Conipany  and  describe*!  by  them  as  a  great  improvement  on  Huli- 
bard  or  Large  Green  Koyal. 

Frotacber'a  New  Orleans  Large  Passion.     (Seeds  tested:  Steckler,  1899,  1901.) 
Described  under  New  Orleans  Laige  Passion. 

Gardener's  Favorite.     (Listed  bv  two  seedsmen.     Seeds  tested:   Bructe,  1901; 
Simmers,  1899-1901. ) 
Hame  as  Hanson.     Apparently  named  and  first  listed  by  John  A.  Bruce  &  Co. 
The  type  is  quite  different  from  that  of  Florida  Favorite,' Sutton's  Favorite,  and 
Rudolph's  Favorite. 

Gardener's  Friend.     (Listed  by  one  seedsman.     See<l8  tested:  Darch  tt  Hunter. 
1903.) 
Same  as  Hanson.     Named  and  first  listeil  in  1903  bv  Darch  <&  Hunt4*r. 

German  Butter.     ( Listed  by  one  seedsman.     Seedateste<i:  Salzer,  1S9JM  901, 1903.) 
Same  as  California  Cream  Butter.     Named  and  first  listeil  in  1895  by  John  A. 
Salzer. 

Oerman  Early  Head.     (Seep  47. ) 

German  Incomparable.     {JSee  p.  48.) 

GUant  Crystal  Head.  (Listed  by  twelve  seedsmen.  See<ls  tested:  Michell,  1901; 
Thorbum,  1901,  1903. ) 
Introduced  into  this  country  from  Germany  by  American  seedsmen  in  1901.  It  is 
described  as  a  cross  between  Hanson  and  Salamander  and  was  sent  out  by  CUiris. 
Lorenz,  of  Germany,  as  a  new  lettuce,  but  in  Department  trials  indistinguishable 
from  Icebeig  even  when  grown  by  the  side  of  it. 

Giant  Glacier.     (^S^  p.  48.) 

Oiant  Golden  Heart.     (Listed  by  three  seedsmen.    Seeds  tested:  Breck,  1903.) 

The  samples  tested  were  indistinguishable  from  Iceberg  or  CJiant  CVystal  Head, 
though  the  variety  is  described  by  Beckert  and  Weaver  as  dark  green  in  color.  The 
above  seedsman,  who  first  listed  it  in  this  country  in  1903,  describes  it  as  a  si)ort 
from  Giant  Cr>'stal  Head  and  to  closely  resemble  it. 

Oiant  White  Cos.     {See  p.  48. ) 

Oiant  White  Forcing.     (Listed  by  one  seedsman.    Seeds  teste<l:  Tait,  1903.) 

Same  as  Big  Boston.  Said  by  above  seedsman  to  be  an  improvement  on  Big  Bos- 
ton. The  type  is  quite  different  from  that  of  White  Forcing,  Bolgiano's  White 
Topcing,  and  Perfection  White  Forcing. 

Olasshcmse.     (Listed  by  three  seedsmen.    Seeds  tested:  Thorbum,  1900-1903.) 

Same  as  Hotnouse.  Named  and  first  listed  by  above  seedsman  as  Thorbum' s 
OlasBhoose. 

Oodden's  White-Seeded    Forcing*.     (Listed  by  one  seedsman.     Seeds  tested: 
Godden,  1901,  1902. ) 
Same  as  Tennis  Ball  White-Seeded.    The  name  is  evidently  used  only  ])y  alcove 
Beedsman.     The  type  is  quite  different  from  that  of  White  Forcang,  Perfection  White 
Forcing,  Giant  White  Forcing,  and  California  Giant  White  Forcing. 
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Gk>Iden  Ball.  (Listed  by  seven  w»e<lsmen.  Seeds  tested:  Nortbrup,  King  &Ca. 
1900,  1^K)1;  Ritter,  1899;  Hopkins,  1901;  Nebraska,  1901;  SprinKtield,  1901.) 
Same  as  Buttercup  as  reeeived  from  iirst  two  and  Hubbard's  Market  from  \zs\ 
tbree  seedsmen  above.  Liste<l  as  a  novelty  bv  American  see<lsmen  alxnit  twenty- 
five  years  ago  and  describi^d  as  of  Russian  origin.  The  original  and  correct  type 
seems  to  be  Buttercup,  which  is  quite  different  from  that  of  Golden  Heart,  CToldeu 
Head,  Golden  Forcing,  Golden  Beauty,  Golden  Kitig,  and  Golden  Gate. 

Gk>lden  Curled.     [See  p.  49. ) 

Golden  Beauty.     ( Listed  by  one  seedsman.     See<ls  tested :  Tilton,  1899-1901 ,  1903. ; 
Same  as  White  Star.     Named  and  introduced  in  1892  by  A.  Tilton  &  Son.    Iti< 
claimed  by  them  to  l)e  an  improvement  on  White  Star  in  l)eing  of  lai^ger  growth. 
The  tyjH*  is  quite  different  from  that  of  Blonde  Beauty. 

Gk>lden  Buttercup.     (Seeds  tested:  Schisler-Comeli,  1899.) 
Same  as  Buttercup. 

Golden  Forcing.     (Seeds  tested:  LandretH,  1899.) 

Same  as  Denver  Market.  Namcnl  and  first  listed  by  D.  T^ndreth  Seed  Company  in 
189i),  but  never  afterwards,  and  the  name  stn^ms  now  to  have  Avholly  gone  out  of  use. 
The  type  is  quite  different  fi-om  that  of  Golden  Head,  Golden  Ball,  Golden  Nugget, 
(iolden  Stone  Head,  Golden  Heart,  Golden  Sunset,  (lolden  King,  and  (5 olden  (.Tale. 

Golden  Gate.     (Listed  bv  eight  seedsmen.     Seeds  testeci:  Johnson  &  Stokes,  190(^ 
1901. 
Same  as  Deacon.     Named  and  introduced  as  a  new  variety  in  1900  by  above 
seedsmen. 

Golden  Head.     (Listed  by  one  seedsman.    Seeds  tested:  Templin,  1899-1901.) 

No  one  type  seems  to  be  recognized  for  this  variety.  The  sam])les  received  weie 
the  same  as'  Prize  Head  in  1899,  Golden  Cjueen  in  1900,  Philadelphia  Butter  in  1901. 
Describeil  by  alM>ve  seedsman  as  cabbage  heading.  Formerly  listed  by  Livingi^t^in 
Seed  Company  as  Livingston's  Golden  Head.  The  variety  should  not  l)e  confounded 
with  Golden  Forcing,  GoMen  Curled,  Golden  Heart,  (jold'en  Ball,  Golden  Buttemip, 
Gold  Nugget,  Golden  Queen,  Golden  Beauty,  nor  Golden  Gate. 

Golden  Heart.     (See  p.  49. ) 

Golden  King.     (Listed  by  one  seedsman.     Seeds  tested:  Crosraan,  1899,  1900.) 

Same  a»*  Buttercup  in  1899  and  Reichner  in  1900.  Named  and  first  listed  by  abo^^ 
see<l  house. 

Golden  Queen.     {See  p.  49.) 

Golden  Spotted.     {Seeii.  50.) 

Gold  Nugget.     (Listen!  ])v  six  st^edsmen.     Seeds  tested:  Burpee,  1899,  1900,  190?: 
Stumi)])  &  Walter,  1903.) 
Same  as  Hubbard's  Market.     First  listed  by  W.  Atlee  Burpee  &  Co.  in  1899.    The 
type  is  quite  diff(»rent  from  that  of  Golden  Ball,  Golden  Buttercup,  Golden  Head, 
Golden  Curled,  (lolden  Heart,  and  Golden  Stone  Head. 

Grand  Bapids.     (See  p.  50.) 

Gray-Seeded  Butter.     (Liste<l  bv  tliree  seedsmen.     Seeds  testetl:  Thorbum,  IS*^ 
1901.) 
Same  as  Yellow-Seeded  Butter. 

Ghreen  Cos.     {See  p.  51.) 

Green-Fringed.     (*S>ep.  51.) 

G^ffith  &  Turner's  Black-Seeded  Summer.     (Seeds  teste<l:  1899,  1900.) 
Described  under  Black-See<led  Summer. 

Griffith  A  Turner's  White-Seeded  Summer.     (Seeds  tested:  Griliith  &  Turner, 
1899,1900,1902.) 
Described  under  White-See<led  Summer. 

Half  Century.     {Sec  p.  52. ) 

Hamilton  Market,     (l^isted  by  two  setnismen.     Seeds  tested:  Bruce,  1899-li^Ol; 
Robert  Evans,  1901.) 
Same  as  Hanson.     Said  to  have  been  named  and  first  listed  by  Robert  Kvj 
Seed  (k>mi)any,  but  catalogued  also  by  American  seedsmen  for  at  least  twenty  y<»< 
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I' 8  Earliest  Forcingr.     (LiHte<l  bv  one  >H*e<lF:iiian.     S^mhIs  t(*ste<l:  Ham- 
mond, 1901.) 
ft^aiiie  ajs  Morse.     Naine<l  an<l  fiiyt  Hstod  by  Harry  N.  lhunnioii<l  Si't*<l  Coinpany. 
he  tyj>e  is  quite  <liffertMit  from  that  of  KarlieHtCuttiii^j;  as  wMitoiit  l)y  W.  E.  Dallwij^. 

( S*r  p.  52. ) 

er.     {S*'f  \K  58.) 

LcLTd    ^ead.     (Lisle<l  bv    eight    8ee<lsmen.     Seeds   t4-ste<l:    Burpee,    1899,   19():^; 

Childp,  1900.) 
Same  sni  Brown  Head.    Named  and  introduced  as  a  new  variety  in  1SK7  by  W.  Atlee 
orpiee  A  Co.  under  the  name  of  Burpee's  Hard  Head  and  said  ]»y  them  to  have  orijri- 
at^d  ^'ith  a  (Jerman  see<l  grower.     The  name  in  very  miHleadin<r,  jis  the  variety  is 
nythiiig  but  a  hard  head. 

Lardy  Oreen  Hammersmitli.     {Si'ei>.  53.) 


Green  Winter.     (Listed  bv  eight  seedsmen.     Seeds   t«jst<Hl:    Bridgenian, 
1901;  Plant,  1900;  Thorburn,  1903;  Vick,  ]89<^-1903.) 
Same  as  Hardy  (Jreen  Hammersmith.     One  of  the  oldest  of  all   lettuce   names. 
wiio^'n  in  this  countrv  for  at  least  liftv-seven  vears. 

lartford  Bronzed  Head.     (>S^r  p.  54.) 

lastixL^'  Drum  Head.    (Listtni  by  one  secHlsman.     Seeds  testc<l:  Hji.'^tings,  1901.) 
Same  as  New  York.     The  name  is  very  misleading,  a.s  Dnnn  I  lead  is  miire  generally 
ippUed  to  Malta  and  several  other  types  (lescril>ed  under  Drum  Head. 

lasting'  Superba.     (Listed  })y  one  seedsman.     See^ls  testc<l:  Hastings,  U)03. ) 

Same  as  Maximum.     Named  and  first  listed  by  al)ove  seedsman  in  liKKl     Thetyin^ 
8  quite  different  from  that  of  BucklxH^'s  Superb' 

Seat-B»esi8ting  Cos.     (Listed  by  five  seedsmen.     Si^eds  test<'d:  Landrcth,  1S99. ) 

Same  as  Paris  White  Cos.     Listed  for  at  least  twenty-five  years  by  abovi'  wed  house 
m  Landreth's  Heat-liesisting  Cos. 

Keavy   Weight.     (Listed   bv   one   seedsman.     Seeds    tested:    Salzer,    1899-1901, 
1903. ) 
iSanie  as  Bi^  Boston  as  re<!eiyed  the  first  two  and  New  York  the  last  two  years. 
Named  and  mtroduced  as  a  new  variety  in  1895  byalx)ve  seedsman  under  the  name 
of  Salzer's  Heavy  Weight. 

Henderson's  New  York.     (Seeds  teste<i:  Fan^uhar,  1901;  Hemlerson,  HKK),  HK)1.) 
Described  under  New  York. 

Hero.      (Seep.  64.) 

Hittixiger's  Belmont.     (Listed   by  seventeen  seedsmen.     Seeds  tested;  Bur|H»e, 
1900,  1902;  Farquhar,  1900,  1JK)1.) 
Same  88  Hothouse.     Named  and  introduce<l  as  a  new  variety  in  1891  by  Schlegcl 
A  Fottler,  who  state  that  it  originated  with  Hittinger  Brothers,  nf  P»ehnont,  Mass. 
The  name  is  liest  known  in  the  Kast. 

Homberger's  Dutch  Butter.     (Listed  bv  two  see<lsmen.     See< Is  tested:  Johnson 
&  Stokes,  1899-1902. ) 
Same  as  S^)eckle<l   Dutch  Butter.     Named  and  introduced  in  1S90  by  Johnson  & 
Stokes  as  an  improvement  on  Speckled  Dutch  Butter. 

Hothouse.     {Seep.bb.) 

Houston  Market.     (Listed  by  one  seedsman.     Seeds  tested:  Reichanlt  ct  Sehulte, 
1903;  Thompson,  1902.) 
Same  as  Big  Boston.     Apparently  name<l  and  first  listtnl  by  J.  II.  Thompson  Seed 
ami  Rice  Milling  Compwiny,  the  predecessors  of  Reichardt  &  Sehulte. 

Hubbard's  Forcingr.     (Seeds  teste<l:  Harvey,  1899.) 
Same  as  Hubbard's  Market. 

Hubbard's  Market.     (See  p.  55. ) 

Iceberg:-     (See  p.  66.) 

Ice  Drum  Head.     (Listed  bv  seven   see<lsmen.     Seeds  test<Ml:   Bridsreman,  1901, 
1903;  Vincent,  1?K)1.) 
Same  as  Malta.     The  ty{)e  is  (juite  different  from  that  of  Buck  bee's  lee  Drum  Hea<l 
assent  out  by  H.  \V.  Buekln^e. 
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Ice  Head.     (Listed  by  one  seedsman.    Seeds  tested:  Godden,  190L) 
Same  as  Reichner.    Apparently  named  and  first  listed  by  above  seedsman. 

Immensity.     (Listed  by  ten  seedsmen.     Seeds  tested:  Henderson,  1901-1903.) 
Same  as  Maximum,    j^amed  and  first  listed  by  Peter  Henderson  &  Co. 

Imperial.  (Listed  by  five  seedsmen.  Seeds  tested:  Landretb,  1899-1903:  Tait 
1901,  1903;  Vick,  1899-1903;  Wood,  Stubbs  &  Co.,  1903.) 
A  very  old  name  which  has  been  recognized  in  this  country  for  at  least  one  hun- 
dred years.  A  numl)er  of  different  tvpes  seem  to  be  sold  under  this  name.  The 
samples  mentioned  above  were  idontitied  as  California  Cream  Butter,  Deacon,  Hub- 
barft's  Market,  Malta,  Mammoth  Black-Seede<l  Butter,  Middletowner,  and  B«ichner. 
Probably  Deacon  and  Hubbard's  Market  are  at  present  the  ones  most  used  for 
Imperial.  The  name  is  not  often  used,  and  the  misunderstanding  arising  from  iu^ 
use  is  therefore  not  very  common. 

Italian  Ice.     (See  p.  56. ) 

JolinBon  &  Stokes'  Hothouse.     (Seeds  testeil:  Johnson  &  Stokes,  1900.) 
Described  under  Hothouse. 

Johnson  A  Stokes'  Summerlead.     (Seeds  teste<l:  Johnson  &  Stokes,  1901.) 
Described  under  Summerlead. 

Kaiser  Wilhelm.      (Listed  by  one  seedsman.     Seeds  tested:  Salzer,  1899,  1901, 
1903.) 
No  one  type  seems  to  be  recognized  for  this  varietv.    The  above  samples  w&e 
identified  as  Deacon,  Denver  Market,  and  Early  Curled  Simpson.     Named  and  first 
listed  by  John  A.  Salzer  in  1899. 

Kansas  City  White-Seeded  Forcing*.     (Listed  by  two  seedsmen.     Secnls  tested: 
Plant  Seed  Co.,  1899—1901.) 
Same  as  Denver  Market.     Apiiarently  name<i  and  first  listed  in  1899  by  above 
seedsmen,  though  it  is  said  to  nave  been  used  bv  gardeners  of  Kansas  Citv  since 
1866. 

Kendel's  Excelsior  Head.     (Listed  by  one  seedsman.     Seeds  tested:   Kendel, 
1900, 1901. ) 
Same  as  White  Chavigne.     Named  and  first  listed  in  1898  l)y  A.  C.  Kendel.     The 
type  is  quite  different  from  that  of  Excelsior  as  sold  by  other  seedsmen. 

Laciniated  Beauregard.     (See  p.  56.) 

La  Crosse  Karket.     (Listed  by  one  seedsman.     Seeds  tested:  Salzer,  1903.) 

Same  as  Early  Curled  Simpson.     Named  and  introduced  as  a  new  variety  in  1902 
by  above  seedsman. 

Lancaster.     {See  p.  57. ) 

Landreth  Forcing*.     (Listed  by  two  seedsmen.     Seeds  tested:  Landreth,  1899- 
1902.)  ' 
Same  as  Tom  Thumb.     Named  and  first  listed  in  1896  by  above  seed  house. 

Landreth's  Heat-Resisting  Cos.     (Seeds  tested:  Landreth,  1899.) 
I)escril)ed  under  Heat-Resisting  Cos. 

Landreth' 8  Unsurpassed.     (Seeds  tested:  landreth,  1902.) 
Described  under  Unsurpassea. 

Lapp's  Head.     (Seeds  tested:  Barnard,  1899.) 

Same  as  Tennis  Ball  Black-Seeded.     The  name  was  formerly  uHe<l  by  above  set^lF- 
man,  but  apparently  has  now  wholly  gone  out  of  use. 

Large  Boston  Market.  (Listed  by  one  seedsman.  Seeds  tested:  Thorbum,  1M9- 
1901. 
It  seems  this  name  was  originally  intended  to  separate  the  old  Boston  Market  from 
the  new  varietv  develoi>ed  from  it  about  thirteen  years  ago  and  sold  as  Hothouse  an<i 
Ilittinger's  Belmont,  but  that  its  use  has  often  been  misunderstood  and  the  old  Bos- 
ton Market,  as  well  as  Big  Boston,  has  sometimes  been  sold  under  its  name.  The 
a])()ve  seedsman's  samples  appeare<l  to  be  Boston  Market. 

Larg^  Butter  Head.     (Listed  bv  two  seedsmen.    Seeds  tested:  Bridgeman,  1900.) 
Same  as  Tennis  Ball  Black-SeeHed. 

Large  Drum  Head.     (Seeds  tested:  Ferry,  1899;  Lamberson,  1901.) 

Same  as  Deacon  from  former  and  Hubbard's  Market  from  latter  seedsman.    See 
Drum  Head. 
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IjarM  India.     (Seeds  tested:  Cad  well  &  Jones,  1899;  Comstock,  Ferre  &  Co.,  1901; 
Weeber  &  Don,  1901. ) 
Same  as  loebeig. 


(Seeds  tested:  Griffith  &  Turner,  1901. ) 
Same  as  White  Loaf.     The  tyx)e  is  quite  different  from  that  of  Sugar  Loaf. 


Passion.     (Seeds  tested:  Bowen,  1903;  Buist,  1899-1900;  Texas  Seed  Com- 
pany, 1903.) 

The  samples  from  the  first  two  seedsmen  above  were  the  duller-leaved  strain  of 
PSsBion,  and  those  from  the  latter  seed  house  the  glossy-leaved  strain. 

Idaergeet  of  All.     (Listed  by  two  seedsmen.     Seeds  tested:  Johnson  &  Stokes,  1900 j 
Landreth,  1899-1901;  Weber,  1903.) 
Same  as  Deacon.     Named  and  introduced  as  a  new  variety  in  1868  by  D.  landreth 
Seed  Company,  and  said  by  them  to  be  a  trial-bed  hybridization  accidently  accom- 
plished between  Malta  and  Mogul. 

IjargB  Wliite  Loaf.     (Seeds  tested:  F.  W.  Bolgiano  &  Co.,  1901-1903;  Griffith  & 
Turner,  1901;  Manns,  1901.) 
Same  as  White  Loaf.    The  type  is  quite  different  from  that  of  Sugar  Ixtaf. 

Lar^  White  Summer.     (Seeds  tested:   Henderson,  1899,  1901,  1903;  Thorbum, 
1899,  1901,  1903, ) 
Same  as  White  Summer  Cabbage. 

TjBiTge  yellow  Market.     (See  p.  57. ) 

Lee's  Market  Forcing*.     (See  p.  58. ) 

Leviathan.     (Listed  by  one  seedsman.     Seeds  tested:  Elliott,  1901.) 
Same  as  Maximum,    i^amed  and  first  listed  by  Elliott  in  1901. 

Limagne  Cos.     (Seep.bS.) 

Livingrston's  Bon  Ton.     (Listed  by  one  seedsman.     Seeds  tested:   Livingston, 
1901-19a3. ) 
Described  under  Bon  Ton. 

Loaf.     (Seeds  tested:  Griffith  &  Turner,  1899. , 
Described  under  White  Loaf. 

Long  Island  Winter.     (Listed  by  one  seedsman.     Seeds  tested:  Landreth,  1899- 
1901.) 
Same  as  Tennis  Ball  Black-Seeded.     Named  and  first  listed  in  1898  by  D.  Landreth 
Seed  Company. 

Long'-Standing.     (Listed  by  one  seedsman.     Seeds  tested:  Farquhar,  1899-1901.) 
Described  under  Farquhar's  Long-Standing. 

Longstreth's  Earliest.      (Listed  by  one  seedsman.      Seeds  tested:    Longstreth, 
1899-1901.) 
Same  as  Black-Seeded  Simpson.     Named  and  first  listed  bv  the  above  seedsman. 
The  type  is  quite  different  from  that  of  Earliest  Cutting  as  sold  by  W.  E.  Dallwig. 

Los  Angreles  ICarket.    ( Listed  by  one  seedsman.     Seeds  tested :  Johnson  &  Musser, 
1901.) 
Same  as  Hanson.     Named  and  first  listed  bv  al)ove  seedsmen. 

Lnziuy.     (Listed  by  one  seedsman.    Seeds  tested:  Missouri  Valley  Seed  Com  pan  v, 
1903.) 
Same  as  Hartford  Bronzed  Head,  though  above  seed  house's  description  states  that 
it  is  medium  green  in  color,  and  with  a  large,  loose,  crisp,  curly  head.     Named  and 
introduced  as  a  new  variety  in  1903  by  Missouri  Valley  Seed  Company. 


LTimBonum.  ( Listed  bv  two  seedsmen.  Seeds  tested:  Moore  <fe  Simon,  1900, 
1901,  1903.) 
Named  and  introduced  as  a  new  variety  in  1895  by  Moore  &  Simon  under  the 
name  of  Moore's  Magnum  Bonuni.  The  samples  received  were  the  same  as  Tennis 
Ball  Black-Seeded,  but  the  above  seedsmen  de8cril)e  it  as  similar  to  or  possibly  iden- 
tical with  Mammoth  Black-Seeded  Butter,  while  in  England  a  similar  lettuce  of  a 
very  different  character  is  known  under  name  of  Magnum  Bonum  Cos,  and  seems 
also  to  have  been  known  in  this  country  about  seventy-six  years  ago. 

Halts.     (See  p.  58. ) 
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Mammoth.     {Sec    Price    &    Knickerbocker'n    Mammoth    liead  and    Shumway^e 

Mammoth.) 

Mammoth  Black-Seeded  Butter.     (See  p.  59.) 

Majnmoth  Erfurt  Yellow.     (Listed  by  one  fjecHlsmau.    Seeds  tested:  Dallwig,  1902- 
1903  ) 
Same  as  Thick  Head  Yellow.     Listed  by  W.  E.  Dallwig  in  189.3  as  Erfurt  Larpe 
Yellow  Thick  Head,  under  which  name  it  is  said  to  have  l)een  known  in  Germany. 
Changed  by  alx)ve  firm  in  1900  to  its  present  name. 

Mammoth  Large  Yellow  Butter.     (Seed.«  tested:  Thorburn,  ! 899-1901.) 

Same  as  Mammoth  Black-See<led  Butter.  Named  and  introduced  by  J.  M.  Thor- 
burn &  Co.,  about  fourteen  years  ago,  but  changed  by  them  in  1904  to  Mammoth 
Black-Seeded  Butter. 

Mammoth  Salamander.     (Seeds  testeil:  Johnson  <fe  Stokes,  1899-1901.) 

Same  as  Mammoth  Bla(!k-See<led  Butter.  Nameil  and  introduced  by  above  seed^ 
men  as  a  new  variety  in  1898. 

Marblehead  Mammoth.     {See  p.  59.) 

Market  Gardener's  Salamander.     (Seeds  tested:  Bunnell,  1899.) 

Same  as  Tennis  Ball  Black-Seeded.  Named  and  first  listed  bv  E.  E.  Burwell  in 
1897, 

Market  Gardener's  Forcing*.     (Listed  bv  one  seeiisman.     Seeds  tested:   Alneer, 
1901.) 
Same  as  Morse.     The  typ<.»  is  quite  different  from  that  of  Market  Gardener's  Private 
Stock  and  Detroit  Market  (iardener's  Forcing. 

Market  Gardener's  Private  Stock.    (Liste<l  bv  eighteen  sei^lsmen.    Seeds  tested: 

Buri)ee,    1901;   Ferrv,    1900-1901;   Landreth^  1899-1901;   Thorburn,   1899^1903; 

Weeber  &  Don,  1902. ) 

Same  as  Tennis  Ball  Black-Seeded.     Narae<l  and  first  listed  about  twelve  years  bsso 

by  J.  M.  Thorburn  <5t  Co.  under  the  name  of  Thorburn's  Market  Gardener's  Private 

Stock.     The  name  is  well  known,  especially  in  the  vicinity  of  New  York. 

Mastodon.     (Listed  by  one  seedsman.     Seeds  tested:  Archias,  1903.) 

Same  as  Hanson.  Named  and  introduced  as  a  new  variety  in  1902  by  L.  E 
Archias  Seed  Company. 

Matador.     (»S!frp.  59.) 

Matchless.     (Listed  by  one  see<lsman.     Seeds  tested:  Michell,  1903.) 

Same  as  Maxinmm.  First  listed  and  named  in  1903  by  Henry  F.  Michell  ss 
Michell's  Matchless. 

Maule's  Hanson.     (See< Is  tested:  Maule,  1901.) 
Same  as  Hanson. 

Maule's  Philadelphia  Butter.  (Listed  bv  one  seedsman.  Seeds  tested:  Maule, 
1900-1902. ) 
Same  as  California  Cream  Butter.  Listed  by  above  see<l8man  for  at  least  fifteen 
years.  The  name  is  very  misk'ading,  beciause  Philadelphia  Butter  as  usually  sold  by 
seedsmen  refers  to  a  lettuc(»  (juite  different  from  this  type.  It  should  not  he  con- 
founded with  Philadelphia  Speckled  Dutch  Butter,  whicli  is  still  another  type. 

Maule's  Bosette.     (See<ls  tested:  Maule,  1901-1903. ) 

Same  as  White  C'havigue.  Named  and  introduced  as  a  new  variety  in  1902" by 
William  Henrv  Maule. 

Maule's  Silver  Anniversar^r.     (Seeds  tested:  Maule,  1903.) 
Described  imder  Silver  Anniversary. 

Maximum.     (NVrp.  60.) 

Memphis.     (Seeds  tested:  Illlathorne  Seed  Company,  1899.) 

Same  as  Hubbanl'.^  Market.     Apparently  never  listed  except  by  above  seed  house. 

Mette's  Forcing.     (*S'e/' p.  61.) 

MicheU's  All  Bight  Spring  and  Summer.     (See<ls  tested:  Michell,  1900-1902.) 
Described  under  All  Right  Spring'  and  Autumn, 

MicheU's  Early  Speckled  Dutch  Butter.     (Seiuls  tested:  Michell,   1899-UHX).) 
Described  under  Speckled  Dutch  Butter. 
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EicheU'8  Very  Best.     (Seeds  tested:  Michell,  1899-1901. ) 

Same  as  Buttercup.  Named  and  first  listed  in  1899  by  Henry  F.  Michell,  but  not 
atalogued  by  him  or  any  other  seed  house  after  1901. 

Eiddletovmer.     {See  p.  61.) 

Eidsiunnier.     (Lii^ted  by  one  seedsman.     Seeds  teste<l:  Tait,  1901-1903.) 

Same  as  Maximum.  As  Tait's  Midsummer  this  variety  was  apparently  named 
,n*i  first  listed  by  the  above  seedsman,  but  from  1889  to  1891  W.  At  lee  Buri)ee  &  Co. 
Lsted  a  German  variety  under  the  name  of  Midsummer  or  Genezzano,  which  was  a 
ettuce  identical  or  similar  to  Brown  Head  and  very  different  from  this  one. 

Eignonette.     {See\}.^2.) 

Kills' Earliest.     (Listed  by  one  seedsman.     See<ls  t«ste<l:  Mills,  1899-1902.) 
Same  as  Grand  Rapids.     Named  and  first  listed  in  1897  by  alx)ve  seedsman. 

lOlly.      {See  p.  62. ) 

dxiiature.     (LL*<ted  by  two  seedsmen.     Seeds  tested:  Thorburn,  1903.) 

Same  as  Density.  First  listed  in  1903  by  both  W.  Atlee  Burpee  &  Co.  and  J.  M. 
Phorbum  &  Co.  Said  to  have  originate<l  some  three  or  four  years  before  with 
IJhris.  Lorenz,  of  Erfurt,  Germany. 

Kong-olian.     ( Listed  by  one  seedsman.    Seeds  tested :  Johnson  &  Stoker,  1 901-1903. ) 
Same  as  Reichner.     Named  and  introduced  as  a  new  variety  in  1902  by  Johnson 
k  Stokes, 

Kontreal  Market.     (Seeds  tested:  Wni.  Evans,  1900;  Ewing,  1899.) 

Same  as  Hanson  from  the  former  and  Deacon  from  the  latter  seedsman.  Appar- 
ently not  listed  after  1900. 

Korse.     (5^ep.  62.) 

Koore's  Cliainpion  Spring  and  Summer.     (Seeds  tested:  Moore  &  Simon,  1900, 
1901.) 
Described  under  Champion  Spring  and  Summer. 

Koore's  Magnum  Bonum.     (Seeds  tested:  Moore  &  Simon,  1900,  1901.) 
Described  under  Magnum  Bonum. 

■core's  Summer  G-em.     (Seeds  tested:  Moore  &  Simon,  1900,  1901.) 
Descril)ed  under  Summer  Gem. 

Myers'  All  Right.  (Listed  bv  six  seedsmen.  Seeds  testt^d:  Johnson  &  Stokes, 
1899,  1900.) 
Same  aa  Big  Boston.  Named  and  introduced  as  a  new  variety  in  1888  by  Johnson 
&  Stokejs,  who  state  it  originattni  with  Mr.  Henry  Myers,  a  prominent  Philadelphia 
market  gardener.  The  type  is  quite  different  from  that  of  All  Right  Spring  and 
Autumu~ 

Hansen.     (.S^ep.  63.) 

Heapolitan  Cabbage.     (Listed  by  one  seedsman.) 

A  very  old  name  known  in  this  country  for  at  lea,yt  thirty-nine  years.  The  variety 
seems  to  have  had  its  origin  in  France,  it  has  not  yvt  been  tested  on  the  Depart- 
ment grounds,  but  repor£  of  it  from  other  places  state  it  to  be  the  same  as  Sibley's 
Genesee  of  twenty  years  ago,  Chou  de  Naples  of  Italian  see<lsmen,  an<l  New  York  of 
the  present  day.  The  type  is  quite  different  from  that  of  Neapolitan  Sash  listed 
by  Moore  &  Simon. 

Keapolitan  Sash.  (Listed  bv  one  seedsman.  Seeds  teste<l:  Moore  &  Simon, 
1900-1903. ) 
Same  as  Reichner.  Named  and  first  listed  in  1895  by  above  seedsmen  as  Simon's 
Neapolitan  i>v^\\.  The  Neapolitan  Cabbage,  a  very  old  sort  of  foreign  origin  and 
catalogued  about  thirty-eight  years  ago  by  seedsmen  in  this  country,  but  now  listed 
only  by  (Jeorge  A.  Weaver  Company,  is  a  very  different  lettuce  from  Neapolitan  Sash. 

Hew  Asparagus.     (Listed  by  two  seedsmen.     Seeds  tested:  Buckbee,  1901,  1902; 
Ewing,  1902,  1903.) 
The  fonner  seedsman's  samples  were  the  same  as  the  lanceohitt^^-leuved  tyi>e  of 
Asiiaragus  described  on  page  30,  ami  the  latter  seedsman's  samples  the  same  as  the 
lobed-leaved  type  of  Asjjaragus  also  descril>ed  on  page  30. 
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New  liOttuce  No.  1.     (Listed  by  one  eeedsman.     Seeds  tested:  Moore  h  ^moi, 
1900,  1901,  1903. ) 
Same  as  Bi^  Boston.     Named  and  first  listed  in  1900  b^  Moore  <&  Simon,  who  stall 
they  obtainea  the  variety  from  Mr.  John  Norbeck,  a  Philadelphia  market  gardeoa 

New  Orleans  Larg'o  Passion.     (Listed  by  four  seedsmen.    Seeds  tested:  Steckkf 
1899-1902. ) 
Same  as  California  Cream  Butter. 

New  York.     (.S^  p.  63. ) 

Ninety  and  Nine.     (Listed  by  one  seedsman.     Seeds  tested:  Crosman,  1900,  1901 
Vaughan,  1899. ) 
Same  as  Tennis  Ball  Black-Seeded.    Listed  about  nine  years  ago  by  a  few  seeds 
men  in  this  country,  but  the  name  seems  now  to  have  wholly  gone  out  of  use. 

Nonsuch.     (Seeds  tested:  Pearce,  1899.) 

Same  as  Deacon.  Apparently  named  and  first  listed  by  the  above  seedsman  tii 
predecessor  of  Darch  &  Ilunter. 

Noll's  Boston  Glasshouse.     (Seeds  tested:  Noll,  1901.) 
Described  under  Boston  Glasshouse. 

Nonpareil.     (Listed  by  twelve  seedsmen.     Seeils  test^^d:  J.  M.  McOuUoogh,  1901 
Simmers,  1899-1901.) 
Same  as  Hanson.     Listed  bv  John  A.  Bruce  &  Co.  for  at  least  fiftv  vears. 

Norfolk  Royal.     (Seeds  tested:  Landreth,  1901.) 
Same  as  Deacon.     Apparently  named  and  first  listed  by  above  seedsman. 

North  Pole.     (Listed  by  three  seedsmen.     Seeds  tested:  Burpee,  1901-1903;  G« 
main,  1901.) 
Same  as  Nansen.      First  listed  in  this  country  by  Germain  Seed  Company  ii 
1898  as  synonymous  with  Nansen.     Said  to  be  of  German  origin. 

Northrup,  King*  db  Co.'s  Golden  Ball.     (Seeds  tested:  Northmp,  KingdbCa 

1900,1901.) 
Described  under  Golden  Ball. 

Norwood.     (Listed  by  one  seedsman.     Seeds  tested:  J.  M.  McCullough,  1902, 190S. 
Same  as  Middletowiier.     Named  and  first  listed  in  1902  bv  above  seedsman. 

Oak-Leaved.     {See^.M.) 

Ohio  Cabbage.     (Listed  by  one  seedsman.     Seeds  tested:  Steele,  Briggs  &Co.,  1901 
Tilton,  1901.) 
Same  as  Denver  Market. 

Onondaga.     (/Se«;p.  64.) 

Pan-American.     (Listed  by  one  seedsman.     Seeds  tested:  Mills,  1902.) 
Same  as  Eureka.     Named  and  first  listed  in  1901  by  above  seedsman. 

Paris  Sugar.     (ISe£  p.  65. ) 

Paris  White  Cos.     (See  p.  65.) 

Passion.     {See\}.^.) 

Peer  of  All.     (Listed  by  one  seedsman.     Seeds  tested:  Salsser,  189»-1901,  1903.) 

Same  as  Prize  Head  in  1899  and  1901,  and  C'hartier  in  1900  and  1903.  Namedatt 
firpt  listed  by  above  seedsman,  who  has  listed  it  for  at  least  nine  years. 

Perfected  Salamander,     f  Seeds  tested:  Henderson,  1900-1902.) 
Described  under  Salamanaer. 

Perfection  Early  White  Forcing.     (Seeds  tested:  Buist,  1899-1901.) 

Same  as  White  Forcing.  Named  and  first  listed  in  1887  by  Robert  Buist  Companr, 
inider  name  of  Biiist's  Perfec^tion  White  Forcing.  The  type  is  quite  different  froii 
that  of  Godden's  White-Seeded  Forcing,  Giant  White  Fon'ing,  and  California  GianI 
White  Forcing. 

Perpetual.     (Listetl  bv  nine  seedsmen.     Seeds  tested:    Chesmore-Eastlake,  1902; 

Huntington  c"fe  Pa^s  1901;   Johnson  &  Stokes,  1899,   1900;   Livingston,   1900; 

Rice,  1901.) 
Same  as  Early  Curled  Simpson.     Listed  in  1880  by  James  J.  H.  Gregory  t^  Son 
as  Nellis'  Perpetual,  but  apparently  named  and  first  listecl  by  other  seedsmen. 


CATALOOUE    OF   VARIETY    NAMES.  97 

(Li8te<i  by  ten  see<lsmen.     See<l8  tested:  Vaughan,  1899,  1900.) 
Same  as  Defiance.     An  old  variety  of  German  origin  listed  by  seeilnmen  in  this 
country  for  at  lea>*t  thirty-seven  yean*.     A  lettuce  Pimilar  to  I)<icon  and  very  din- 
tinet  from  this  tyi^e  eeems  to  have  formerlv  Ijeen  largely  Hold  under  this  name. 

Philadelphia  Butter.     ( .S^'^  p.  66. ) 

Philadelphia  Dutch  Butter.     {Seeds  tested:  Burpee,  lH9(»-lfM)l,  1903. ) 

Same  as  Speckle^l  Dutch  Butter.     The  tyjH?  is  quite  different  from  that  of  Phila> 
delphia  Butter  and  Maule's  Phi la< lei phia  Butter. 

Philadelphia  Early  White  Cahba^e.     (Listed  bv  five  s<'€*<lHmen.     ShhIh  tented: 
Burpee,  1899—1903;  John-son  &  Stokes,  1901,  11H)3.) 
In  some  trials  the  above  samples  appeared  the  same  a.**  Philadelphia  Butter;  at 
other  times  the  same  as  Reich ner.     The  variety  is  |)rol)ably  identical  with  one  of 
theui. 

Pink  Chartier.     (Seeds  tested:  Vaughan,  1899-1901. ) 

Same  as  Chartier.     A  name  formerly  applie<l  to  Chartier  liy  above  needsman,  ))Ut 
not  now  use<l  bv  him  or  anv  other  seedsman. 

Plant  Seed  Company's  Standwell.     (Seeds  teste<l:  I^ant,  UK)1. ) 
De8cril)etl  under  Standwell. 

Precocity.     ( Listed  by  one  seedsman.     Seeds  teste<l:  Henderson,  1902,  1903.) 
Same  as  Emperor  Fonung.     Name<l  and  first  liste<l  in  HK)2  by  alK)ve  seednniau. 

Premium  Cabbage.  (Listed  bv  ten  seedsmen.  See<ls  tested:  Chesmore-l^^jistlake, 
1903;  Manns,  1901;  Rice,  1900,  1901;  Vick,  1901-1903. 
In  some  trials  the  al)ove  sampk^s  api)«»ared  the  same  as  Philadelphia  Butter;  at 
other  times  the  same  as  Reichner,  or  Hubbard's  Market.  The  variety  is  probably 
ihe  same  as  one  of  these  sorts.  Apparently  named  an<l  introduced  in  1875  l)y  Jaiinn 
Vick'a  Sons  under  the  name  of  Vick's  Premium  Cabbage.  They  state  that  Mr.  Hub- 
bani,  of  Chautauqua  County,  N.  Y.,  was  the  orijrinator,  an<l  sold  some  of  his  see<l  to 
their  seed  house  and  also  to  Chase  Brothers,  nurserymen,  who  were  handling;  stn-d  at 
that  time.     The  lat*er  are  said  to  have  intnxiuced  the  lettuce  as  llub})ar(rs  Market. 

Price  A  Knickerbocker's  Mammoth  Head.     (Listed  bv  one  seedsman.     Seeds 
test e<l:  Price,  1S99-1901.) 
Same  as  Tennis  Ball  Black-See<led.     Named  and  first  listed  bv  al>ove  st*(Mlstiian 
in  1S76. 

Prince  ofWales  Cos.     {See  p.  67. ) 

Prize  Head.     {See  p.  67. ) 

dueen.      (Seeds  tested:  Faust,  1899,  1900.) 

Same  as  New  York.     Named  and  first  listed  as  Faust*s  Queen  Viy  above  seedsman. 
The  type  is  quite  different  from  that  of  Golden  Queen  and  Yellow  Quet^n. 


l's  Crmnpled-Leaved.     (Seeds  testeci:  Rawson,  1899,  1901.) 
Described  under  Crumpled-Leaved. 

BawBon's  Hothouse.     (Seeds  tested:  Rawson,  1900,  1901;  Vaughan,  1900;  Vick, 
1901.) 
Descril^ed  under  Hothouse. 

Bed  Besson.     {See  p.  68.) 

Bed  Winter  Cos.     {See  p.  68. ) 

Eeichner.     {See  p.  69.) 

Beichner's  Early  White  Butter.     (Seeds  tested:  Johnson  &  Stokes,  1899-1901.) 
Same  as  Reichner. 

Belish.     (Listed  by  one  seedsman.     Seeds  tested:  Iowa  Seed  Company,  1899,  1902, 
1903.) 
Same  as  Big  Boston.     Named  and  introduced  an  a  new  variety  in  1900  by  above 
seed  house. 

Bennie  A  Pino's  Hothouse.      (Seeds  tested:  Rennie  &  Pino,  1903.) 
Described  under  Hothouse. 
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Ridg'e.     (Listed  by  one  seeclHinan.     Seeds  tested:  Johnson  &  Stokes,  1900.) 
Same  as  Reichner.     Named  and  first  listed  by  above  seedsmen. 

Bochester  Market.     (Seeds  tested:  Cilass,  1901,  1903.) 

Same  as  Reichner.     Apparently  named  and  first  liste<i  alxiiit  five  years  ago 
al)ove  seedsman. 

Bomaine  Cos.     (Listed  by  twenty-six  seedsmen      Seeils  tested:  I^andreth,  II 
Moore  &  Simon,  1900,  1901.) 
Same  as  Paris  White  Cos.     A  very  old  name.     Sometimes  useii  to  designate  il 
cos  class  of  lettuce,  but  whenever  applied  in  this  countrj'  to  desij^ate  a  variety  it 
generally  Paris  White  Cos  which  is  referred  to. 

BosedaJe.     (Listed  bv  one  seedsman.     Seeds  teste<i:  Darch  &  Hunter,  1899-11 
1903. ) 
Same  as  Denver  Market  the  first  two  years  and  Defiance  the  last  two.    Apparent 
first  liste<i  by  Jolm  A.  Pearce,  the  predecessor  of  the  above  seedsmen. 

» 

Bosette.     (Listed  by  one  seedsman.     Seeds  tested:  Maule,  1901-1903.) 
Described  under  Maule's  Rosette. 

BoyaJ  Cabbage.     (Listed  by  thirtv-two  seedsmen.    Seeds  tested:  Bui.st,  1900,  li 
Dusard,  1899,  1900;  Rol)ert  Evans,  1899;  Landreth,  1899;  Plant,  1900;  Steeklt 
1901;  Tait,  1901;  Vick,  1899-1903.) 
A  name  known  in  this  country  for  at  least  thirty-eight  years  and  much  mil 
Applied  to  a  numlKjr  of  different  lettuce  types,  but  principally  to  Hubljard's  Mi 
and  California  Cream  Butter.     The  above  samples  were  all  the  former  variety  exa 
those  from  Michel  1,  which  were  California  C-ream  Butter.    The  name  has  been 
for  many  years  in  California  to  designate  California  Cream  Butter;  in  fact,  was? 
use  many  years  ])efore  California  Cream  Butter  was  known. 

Budolph's  Favorite.     (Listed  bv  three  seedsmen.     Seeds  tested:  Iowa,  h 
Vaughan,  1899-1901.) 
Same  as  Buttercup.     Of  foreign  origin.     First  listed  in  this  country  by  Vaughai 
Seed  Store  in  1894.     The  tyne  is  quite  different  from  that  of  Gardener's  Favorit 
Sutton's  Favorite,  and  Florida  Favorite. 

St.  Louis  Black-Seeded  Forcing^.     {See  p.  69.) 

St.  Louis  Butter.     (Listed  bv  eleven  seedsmen.    Seeds  tested:  Currie,  1903;  Land- 
reth, 1902;  Scott,  1899,  1900;  Vaughan,  1899-1901.)  j 
Same  as  Deacon.    The  name  has  l)een  used  in  this  country  at  least  sixteen  yeare, 
and  is  well  known  in  Chicago,  St.  Louis,  and  the  West.    The  type  is  quite  differeiil: 
from  that  of  St.  Louis  Market  and  St.  Louis  Black-Seeded  Forcing. 

St.  Louis  Market.     (Listed  by  eight  seedsmen.    Seeds  tested:  Dusard,  1899-1902; 
El)er,  1903;  Plant,  1901,  1903;  Schisler-Comeli,  1903.)  ' 

It  seems  this  name  is  used  by  most  seedsmen  to  represent  a  type  identical  with 
Hub])ard's  Market,  but  that  soriie  others  take  it  to  refer  to  St.  Louis  Butter.    All  ol| 
the  above  samples  were  the  former  variety.    In  no  case  should  it  be  confounded 
with  St.  Louis  Black-Seeded  Forcing,  as  that  is  unquestionably  a  different  type  from 
either  of  these  two  varieties. 

Salamander.     (Listed  V)y  one  hundred  and  seventeen  seedsmen.     Seeds  tested: 

Burpee,  1903;  Burwell,  1899,  1900;  Farquhar,  1901;  Ferrv,  1900,  1901;  Hende^, 

son,  1900-1902;  Johnson  &  Stokes,  1899,  1900, 1903;  Landreth,  1899, 1901;  Tho^ 

burn,  1899,1901.) 

Same  as  Tennis  Ball  Black-Seeded.     Named  and  introduced  as  a  new  variety  in 

1882  by  Peter  Henderson  &  Co.,  who  state  that  it  originated  with  Hudson  County. 

N.  Y.,  market  gardeners.     In  1895  another  strain  was  listed  by  these  seedsmen  ami 

called  Perfected  Salamander.    Commonly  considered  to  be  larger  than  Tennis  Ball 

Black-Seeded,  but  it  has  not  proved  so  at  Washington  nor  in  other  trials  which  the 

writer  haij  examined.     It  is  one  of  the  best  known  of  all  lettuce  names. 

Salzer's  Colossal.    ( Listed  by  one  seedsman.    Seeds  tested :  Salzer,  1899, 1901 ,  190r>. ) 
Same  as  Deacon.     Named  and  introduced  in  1899  by  above  seedsman.    The  type 
is  quite  (iifferent  from  that  of  Tait's  Colossal. 

Salzer's  Jtilarliest.     (Listed  by  one  seo<lsman.     Seeds  tested:  Salzer,  1899,  1901.) 

Same  as  Black-Soede<i  Simpson.  Named  and  first  liste<l  by  above  seedsman,  who 
has  catalogued  it  for  at  legist  nine  years.  It  should  not  be  confounded  with  Earliest 
Catting  as  sent  out  by  W.  E.  Dallwig. 
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talzer'8  Peer  of  All.      (Seeds  tested:  Salzer,  1899-1901,  1903.) 
Des(*ribe<i  under  Peer  of  All. 

Wzer'8  SunUgrht.     (Seeds  teste<l:  Salzer,  1900,  1901,  1903.) 
Described  under  Sunlight. 

an   Francisco  Market.     (Listed   by   twelve  Heedniiien.     Seeds  tested:  Burpee, 

1901-1903. 
Same  aa  Deacon.     Apparently  named  and  first  listeil  in  1897  by  W.  Atlee  Burpee 
;  Co.,  not,  however,  as  a  new  variety,  but  as  another  name  for  Deacon.     It  should 
ot  be  confounded  with  San  Francisco  Passion. 

an  Francisco  Passion.     (Listed  by  one  seedsman.     Seeds  tested:  Buist,  1901.) 
Same  as  Passion.     The  type  in  quite  different  from  that  of  San  Francisco  Market. 

atisf action  Black-Seeded.    (Listed  bv  twenty-five  seedsmen.     Seeds  tested :  Far- 

(juhar,  1900;  Gregorv,  1900;  Plant,  1899.) 
Same  as  Tennis  Ball  Black-Seeded.     An  English  variety  listed  by  seedsmen  in  this 
>untrv  f<jr  at  least  twentv-six  yeans. 

aunders.      (Seeds  tested:  Beckert,  1899,  1900, 1902.) 

Same  as  St.  L<juis  Black-Seeded  Forcing.  Named  and  first  listed  in  1891  by  above 
«dsman,  who  states  that  the  varietj^  is  name<l  after  a  IcK^al  market  gardener  in  whose 
D6ses.<ion  it  had  remained  for  a  number  of  years. 

ehindler's  Early  Market.     (Seeds  tested:  Schindler,  1903.) 
Described  under  Earlv  Market, 

chwill's  Bonanza.     (Seeds  tested:  Schwill,  1899.) 
Described  under  Bonanza. 

ensation*      (Listed  by  twentv-seven  seeilsmen.     Seeds  tested:  Johnson  &  Stokes, 

1899-1901;  Thorburn,  1900,  1901. 
Same  as*  Tennis  Ball  Black-Seeded.     Named  and  introduceil  by  Johnson  &  Stokes 
om  France  in  1892. 

hotwell's  Brown  Head.     (See  p.  70. ) 

hotwelPs  Brown  Head  (Brid^man).     {S(:e  p.  70.) 

htunway's  Mammoth.     (Listed  bv  one  seedsman.     Seeds  tested:  Shumway,  1899- 

1901.) 
Same  as  Marblehead  Mammoth.     Named  and  first  listed  bv  above  seedsman. 

liver  Anniversary.     (Listed  by  one  seedsman.     See<ls  teste<l:  Maule,  1903. ) 
Same  a^  (Tiant  Glacier.     Named  and  introduced  in  1902  by  William  Henry  Maule 
!  Maule's  Silver  Anniversary. 

aver  Ball.     (See  p.  71.) 

immers'  Ifonpareil.     (Seeds  tested:  Simmers,  1899,  11K)1.) 
Described  under  Nonpareil. 

imon's  Early  White  Cabbage.     (Seeds  tested:  Moore  &  Simon,  1900.) 
Described  under  Pearly  White  Cabbage. 

Imon's  M'eapolitan  Sash.     (Seeds  tested:  Moore  &  Simon,  1900—1903.) 
Described  under  Neapolitan  Sash. 

Imon's  Speckled  Dutch  Butter.     (Seeds  tested:  Moore  <fe  Simon,  1901.) 
Described  under  Speckled  Dutch  Butter. 

low  Seeder.     (Listed  by  one  seedsman.     Seeds  tested:  Landreth,  1899 — 1901.) 
Same  as  Defiance.     Apparently  named  and  first  listed  in  1894  by  above  seed  house. 

olid  Header.     (Listed  bv  one  seedsman.     Seeds  tested:  Brings,  1901.) 
Same  as  Yellow-Seeded  Sutter. 

outhem  Heart.     (Listed  by  one  seedsman.     Seeds  tested:  Salzer,  1901.) 
Same  as  Pa^on.    The  above  seedsman  first  used  this  name  in  1901,  but  it  may 
ave  been  used  by  others  before  that  date. 

peckled  IHitch  Butter.     (Seep.  71. ) 

peckled  Early  Dutch  Butter.     (Seeds  tested:  Dreer,  18^)9;  Michell,  1899,  1900.) 
Same  as  Speckled  Dutch  Butter. 
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Standwell.     (Listed  bv  ono  st^edsmau.     Seeds  teate<l:  Plant  Seetl  Com  pan  v,  1900^  j 
1901.)  '  '  j 

Same  as  Defiance.     Listed  by  above  seed  house  for  at  least  ten  years,  and  in  1886 by 
Johnson  &  Stokes  as  Johnson's  Standwell.  ■ 

Steckler'8  French  Market.     (Seeds  tested:  Steckler,  1900,  1901,  1903.)  i 

Described  under  French  Market. 

Sterling*.    (Listed  by  one  seedsman.    Seeds  tested :  Northrup  King  &  Co.,  1900, 1901,}  \ 
Same  as  New  York.     Named  and  introduced  as  a  new  variety  in  1900  by  ab(^w 
seedsmen. 

Stone  Head  Golden  Yellow.      (Listed  by  thirtv-two  seedsmen.      Seeds  tested: 
Bridgeman,  1900,   1901,  1903;  Dallwig,  1900,  1901;  Ebeling,  1900;  Eber,  19U1; 
Ewing,  1901;  Gregory,  1900,  1902,  1903;  Thorburn,  1901,  1902.) 
As  generally  sold  in  the  United  States  this  variety  seems  to  l^e  the  same  as  Golden : 
Queen.    All  the  above  samples  proved  to  he  of  the  latter  variety,  and  as  imported  into 
this  country  from  Germany  about  twenty-five  years  ago  it  seems  to  have  been  of  this 
type  at  that  time  also.    There  seems  to  fee  much  misunderstanding,  however,  in  il» 
use  of  the  name,  as  orders  for  this  variety  have  been  filled  by  seeds  which  proved  to 
be  Yellow-Seeded  Butter,  Golden  Heart,  Hubbard's  Market,  Emperor  Forcing,  Bnt- 
tercup,  and  Tennis  Ball  Black-Seeded,  while  still  another  type,  very  different  from 
these  and  similar  to  (li olden  Queen,  but  larger  and  later,  appears  to  be  sometiiue 
used  for  Stone  Head  Golden  Yellow. 

String'er's  Early  White  Butter.     (Listed  bv  one  seedsman.    Seeds  tested:  Moore 
&  Simon,  1901.) 
Same  as  Reich ner.      Listed  by  above  seedsman  in  1891,  but  it  is  not  knovii 
whether  others  had  previously  used  the  name. 

Stubborn  Seeder.     (Listed  by  one  seedsman.     Seeds  tested:  Maule,  1899—1901, 
1903.) 
Same  as  Defiance.     Apparently  named  and  first  listed  by  above  seedsman,  who  hss 
used  the  name  for  at  least  fifteen  years. 

Sugar  Loaf.     {See  p.  72.) 

Summer  Drum  Head.     (Seeds  tested:  Michell,  1900,  1901;  Texas  Seed  Companr, 
1903. ) 
Same  as  California  Cream  Butter  from  tlie  former  and  Hubbard's  Market  fma 
latter  seed  house.     (See  Drum  Head.) 

Summer  Gem.    ( Listed  by  one  seedsman .    Seeds  tested :  Moore  &  Simon,  1 900, 1903. ) 
Same  as  Deacon.     Named  and  first  listed  as  Moore's  Summer  Gem  in  1892  br 
above  seedsmen.     The  ty]>e  is  quite  different  from  that  of  Toronto  Gem. 

Summerlead.     (Listed  by  one  seedsman.     Seeds  tested:  Johnson  &  Stokes,  1901.) 
Same  as  Maximum,     Named  and  first  listed  in  1901  by  above  see<lsmen. 

Summer  dueen  Drum  Head.     (Listed  bv  one  seedsman.     Seeds  tested:  Moore 4 
Simon,  1903.) 
Same  a,M  Deacon.     Apparently  named  and  first  listed  in  1892  by  above  seedsmen  as 
Simon's  Summer  Queen  Drum  Head.     See  Drum  Head. 

Sunlight.     (Listed  by  one  seedsman.     Seeds  tested:  Salzer,  1900,  1901,  1903.) 

Same  as  Deacon.  Apparently  named  and  first  listed  by  above  seedsman  as  Sal- 
zer's  Sunlight,  under  which  name  it  has  been  catalogued  for  at  least  nine  years. 

Sunset.     (Listed  by  one  seedsman.     Seeds  tested:  Ford,  1901.) 

Same  a.s  Blonde  Block  Head.  It  seems  that  this  lettuce  was  introduced  asa  ne^ 
variety  about  fourteen  years  ago.  It  is  universally  regarded  by  seedsmeii  to  be  the 
same  as  Blonde  Block  Head. 

Surprise.     (Seeds  tested:  Buckbee,  1903.) 
Same  as  Brown  Head.     Named  and  first  listed  in  1902  by  aljove  seedsman. 

Sutton's  Favorite.     (Seeds  tested:  Michell,  1899,  1900.)     • 

Same  as  Denver  Market.  Listed  bv  above  seedsman  in  1900  and  1901,  who  sold 
the  variety  during  these  years  in  the  original  seed  packets  obtained  fnim  Sutton,  oi 
England. '  The  type  is  quite  different  from  that  of  Favorite,  Rudolph's  Favoritet 
Gardener's  Favorite,  and  Florida  Favorite. 

Sutton's  Giant  Cabbage.     (See  p.  72. ) 
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Colossal.     (Listed  by  one  seedsman.    Seeds  tested:  Tait^  1903.) 
Ssi>nrk«  as  D^on.     The  type  is  quite  different  from  that  of  Salzer's  Colossal. 

Imperial.     (Seeds  tested:  Tait,  1901,  1903.) 
ribed  under  Imperial. 

HCidsummer.     (Seeds  tested:  Tait,  1901.) 
ril-)ed  under  Midsummer. 

i^'B  Royal  Cabbage.     (Seeds  tested:  Tait,  1904.) 
."ribed  under  Royal  Cabbage. 

Leaf.     (Seeds  tested:  Shumway,  1901.) 
Saine  aa  Marblehead  Mammoth.     Named  and  first  listed  by  above  seedsman. 

Ball  Black-Seeded.     {See  p.  72. ) 

Ball  White-Seeded.     (See  p.  73. ) 

liieig  Head  Yellow.     {See  p.  74. ) 

^orl>uni's  Glasshouse.     (Seeds  tested:  Thorbum,  1900—1902.) 
Described  under  Glasshouse. 

Mxor1>iim's  Market  Gardener's  Private  Stock.    (Seeds  tested:  Thorbum,  1899, 
1900,1903.) 
Described  under  Market  Ganlener's  Private  Stock. 

Efhorbum's  Maximum.     (Seeds  tested:  Thorburn,  1899—1901.) 
Described  under  Maximum. 

niorl>um's  Yellow  Winter.     (Seeds  teste<i:  Thorburn,  1900—1903.) 
Described  under  Yellow  Winter. 

niton's  White  Star.     (Seedstested:  Ferry,  1899—1902;  Maule,1900;  Templin,  1900; 
Tilton,  1900,  1904;  Thorburn,  1903.) 
Describe<i  under  White  Star. 

romh annock.     {See  p.  74. ) 

rom  Tliumb.     {See  p.  75.) 

Toronto  Gem.     (Listed  bv  one  seedsman.     Seeds  tested:  Steele,  Briggs  &  Co., 
1899—1901.) 
Same  as  Hanson.     Named  and  introduced  in  1888  by  above  seedsmen.    The  tyjje 
is  quite  different  from  that  of  Summer  Gem. 

Toronto  Market.     (Listed  by  two  seedsmen.     Seeds  tested:  Simmers;  1899 — 1901.) 
Same  as  Hanson.     Apparently  named  and  first  listed  by  above  seedsman,  who  has 
catalogued  it  for  at  least  seven  years. 

Treasxure.     (Listed  by  two  seedsmen.     Seedstested:  Johnson  &  Stokes,  1899 — 1901.) 
Same  as  California  Cream  Butter.     Named  and  introduced  in  1895  by  above 
seedsnaen. 

Trianon  Cos.     (Listed  by  fifty -seven  seedsmen.     Seeds  tested:   Farquhar,  1901; 
Henderson,  1901;  Johnson  &  Stokes,  1899;  Rawson,  1901;  Thorburn,  1899—1901.) 
Same  as  Paris  White  Cos. 

Triumph.     (Listed  by  one  seedsman.     Seeds  tested:  Manns,  1901,  1903.) 

Same  as  Deacon.     Named  and  introduced  as  a  new  varietv  in  1900  by  above  seeds- 
man.    The  type  is  quite  different  from  that  of  Australian  White  Triumph. 

Trocadero.     (Listed  by  twelve  seedsmen.     Seeds  tewted:  Thorburn,  1899,   1900, 
1902.) 
Same  as  Big  Boston.     A  well-known  French  variety  listed  by  seedsmen  in  this 
country  for  at  least  twentv  vears. 

Trout.     {See  p.  75. ) 

Twentieth  Century.     TListed by  one  seedsman.     Seeds  tested:  Noll,  1900 — 1903.) 

Same  as  Tennis  Ball  Black -Seeaed.     Named  and  first  listed  as  a  new  variety  about 
five  years  ago  by  above  seedsman. 

Tyrolese.     (See  p.  76. ) 

XTniyersal.     (Listed  by  one  seedsman.     Seeds  tested:  Livingston,  1903.) 
Same  as  Unrivaled.     Named  and  first  listed  in  1903  bv  above  seedsman. 
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Unrivaled.     {See  p.  76. ) 

UnsurpeuBsed.     (Listed  by  one  seedsman.    Seeds  tested:  Landreth,  1902.)    - 
Same  as  L'nrivaled.     Named  and  first  listed  in  1902  by  above  seed  house. 

Vaughan's  All  Seasons.     (Seeds  tested:  Vaughan,  1903.) 
Described  under  All  Seasons. 

Vaughan's  Manunoth  Cabbage  Head.     (Seeds  tested:  Vaughan,  1899-1901.) 

Same  as  Mammoth  Black-Seeded  Butter.  Named  and  first  listed  in  1901  by  above 
seedsman  but  not  catalogued  by  any  seed  house  after  1901. 

Vick'sHero.     ( Sethis  tested :  Vick,  1899-1903.) 
Described  under  Hero. 

Vick's  Premium  Cabbage.     (Seeds  tested  :  Vick,  1903.) 
Descril)ed  under  Premium  Cabbage. 

Vick's  Boval  Cabbage.     (Seeds  tested :  Vick,  1899-1903.) 
Described  under  Royal  Cabbage. 

Victoria  Red-Edged.     {See  p.  77.) 

Vincent's  Passion.      (Seeds  tested:  Vincent,  1901,  1903.) 
Described  under  Passion. 

Virginia  Solid  Header.    ( Listed  bv  .seven  seedsmen.     Seeds  tested :  Koemen  190O: 
Landreth,  1899,  1900,  1902;  Mark  W.  Johnson,  1900. ) 
Same  as  Speckled  Dutch  Butter.     Named  and  introduced  in  1865  by  D.  Landi^h 
Seed  Company. 

Waldorf.      (Listed  by  two  seedsmen.     Soeds  tested:  Henderson,  1901-1903.) 

Same  as  Reichner.  Named  and  introduced  as  a  new  variety  in  1898  by  abore 
seedsmen. 

Weaver's  Market  Oardener's.     (Listed  bv  one  seedsman.     Seeds  tested:  Weaver, 
1903. ) 
Same  as  Iceberg.     Named  and  first  listed  in  1903  by  George  A.  Weaver  Seed  Com- 
pany.    The  type  is  quite  different  from  that  of  Market  Gardener's  Private  Stock. 

Webb's  Wonderful.     (Seeds  teste<^l:  Burpee,  1901,  1902.) 
Described  under  Wonderful. 

Weber's  Brown  Head.     (Listed  by  one  seedsman.     Seeds  teste^l:  Weber,  1903.) 
Described  under  Brown  Head. 

Weber's  Curled.     (Listed  bv  one  seedsman.     See<ls  tested:  Weber,  1903.) 
Same  as  Denver  Market.     Apparently  named  and  first  listed  by  above  seedsmazL 

Wernich's  Prize  Head.     (Seeds  tested:  Wernich,  1900.) 
Described  under  Prize  Head. 

Wheeler's  Tom  Thumb.     (Seeds  tested:  Burpee,  1900,  1901.) 
Described  under  Tom  Thumb. 

Wheeler's  Wonderful.     (Seeds  tested:  Wheeler,  1903.) 
Described  under  AVonderful. 

White  Cabbage.     (Seeds  tested:  Vaughan,  1900,  1901.) 
Same  as  White  Summer  Cabbage.    A  very  old  name. 

White  Chartier.     (Listed  by  one  seedsman.     See<lt»  tested:  Scott,  1899-1903.) 

A  name  which  has  l)een  applied  by  above  seedsman  to  Golden  Curled,  the  word 
while  being  attached  to  distinguish  it  from  Chartier,  which  is  a  browu-colored 
lettuce. 

White  Chavigne.     {See  p.  77.) 

White  Cos.     (Listed  bv  seventeen  seedsmen.     Seeds  tested:  Landreth,  1899,  1901, 
1902;  Thorburn,  1899,  1901.) 
Same  as  Paris  White  Cos. 

White  Forcing.     {See  p.  78. ) 

White  Giant.     {S*'e  p.  78.) 
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niite  Head.     (Listed  by  five  seetlemen.     Seeds  tested:  Ferry,  1900.)  ' 

Same  as  Philadelphia  Butter.     A  name  which  has  been  used  for  at  least  sixteen 
ears  by  above  seedsman  as  synonymous  with  Philadelphia  Butter. 

Hiite  lioaf.     (See  p.  78.) 

rhite  Peach.     (Listed  by  one  seedsman.     Seeds  tested:  Moore  &  Simon,  1900, 

1901,  1903.) 
Same  as  Tennis  Ball  Black-Seeded.     Named  and  first  listed  in  1892  by  above 
^edsmen.  | 

Hiite  Russian.     (Listed  by  six  seedsmen.     Seeds  tested:  Johnson  <&  Stokes,  1899.) 
Same  as  Deacon. 

Riite-Seeded  Simpson.     (Listeti  by  thirteen  seedsmen.     Seeds  tested:  Johnson 

&  Stokes,  1900. ) 
A  very  old  variety,  known  in  this  country  for  at  least  fortv  years.     It  is  said  to  be  i 

erived  from  Early  Curled  Silesia  and  to  have  originated  with  Mr.  Simpson,  a  market  \ 

irdener  near  Brooklyn,  N.  Y. 

Bliite-Seeded  Summer.     (Listed  by  two  see<lsmen.     Seeds  tested:    Griffith   & 

Turner,  1899,  1900,  1902.)  : 

Same  as  White  Chavigne.     Named  and  first  listed  by  Baltimore  and  Washington  ! 

sedsmen,  about  seven  years  ago.  j 

niite  Self-Folding  Cos.     (Seeds  tested:  Ferry,  1900.)  | 

Same  as  Paris  White  Cos. 

rhite  Star.     {See  p.  79. ) 

White  Summer  Cabbage.     {See  p.  79.) 

Wonderful.     (Listed  bv  fortv-six   seeilsmen.     Seeds  tested:   Burpee,  1901,  1902; 

Dreer,  1899-1901;  Farquhar,  1901;  Wheeler,  1903.) 
Same  as  !New  York.    An  English  variety  first  listed  in  this  country  by  Henry  A. 
)reer  in  1897. 

j^ood's  Cabbage.    (Listed  by  two  seedsmen.    Seeds  tested:  Wood,  1899-1902.)  \ 

Same  as  Hubbard's  Market.     Named  and  first  listed  in  1894  bv  above  seedsman.  ! 

I 

rellow  Ctueen.     (Listed  by  one  seedsman.    Seeds  tested:  May,  1901,  1903.) 

Same  as  Reichner.     Apparently  named  and  first  liste^l  in  1901  by  above  seedsman. 
Phe  type  is  quite  different  from  that  of  Faust's  Queen  and  Golden  Queen. 

fellow-Seeded  Butter.     {See  p.  79. ) 

rellow  Winter.     {See  p.  80. ) 
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Fia.  1.— Black-Seeded  Simpson. 


TYPICAL  MATURE    PLANTS. 
(About  ont^-fltth  natumi  sizi^.) 


Fio.  1.— Tyholese. 


Fio.  2.— Golden  Heart. 

TYPICAL    MATURE   PLANTS. 

(About one- 11  Ith  naliiml  siie.J 


FiQ.  1.— Green-Frimqed. 


FiQ.  2— Bath  Cos. 
TYPICAL    MATURE    PLANTS. 


Fio.  2.— E*RLV  Curled  Simpson. 

TYPICAL   MATURE    PLAh4TS. 
(About  one-mth  natural  >lze.) 


Induitfy.  V.  S.  Dept'  at  Agficul 


FiQ.  2.-PRIZE  Head. 
TYPICAL   MATURE   PLANTS. 


FlO.  1  — OMOrtDAQ*. 


Fio.  2.— Grand  Rapids. 

TYPICAL   MATURE   PLANTS. 

(About  one-flfth  natural  dze.) 


Fio,  1.— Density. 


F>a.  2.— Boston  Curled. 


1   4.— White  Forcing. 


Fig.  3.— Miononette. 


TYPICAL   MATURE    PLANTS. 

(Aboiil  one-fifth  nHliinil  -l/.i.i 


Fig.  1.— Eahliest  CuTTiNa. 


Fkj.  2— Californi*  Cream  Butter. 
TYPICAL   MATURE    PLANTS. 

{About  one-flflh  nstural  alie.) 


Fia.  1.— Emperor  Wili 


Fia.  2— Yellow  Winter. 


Fw.  3.— Detroit  Market  Gardener's  Forcing. 
TVPICAL   MATURE   PLANTS. 


Plinl  Indurtiy,  U.  S.  Dept.  o(  Agnei 


Fig.  1  .—HUBBARD'S  Market. 


Fio.  2.— Deacon. 

TYPICAL   MATURE   PLANTS. 
(AbniitoiK'-nrih  nalun>lK<K-.| 


—Maximum  (uppeb  v 


F(Q.   2.-MAXIMJM   (SIDE  VIEWl 

TYPICAL   MATURE    PLANTS. 


J,  S.  0»fpt.  olAs-icultui.. 


Fig.  2.— Italian  Ice. 
TYPICAL   MATURE    PLANTS. 


Fig.  2.— Asparaous  Lobed-Leaved. 
TYPICAL    MATURE    PLANTS. 


FiQ.  2.— Red  Winter  Cos. 
TYPICAL   MATURE    PLANTS. 

(About  one-llfth  natun]  olie.) 
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FiQ.  1  .—Speckled  Dutch  Butter. 


FtQ.  2.— M*TA[>OR. 


FiQ.  3— Hansom. 

TYPICAL  MATURE   PLANTS  (LONGITUDINAL  SECTIONS). 
(About  ooe-llfth  n«iural  giie.) 


TYPICAL  MATURE    PLANTS   (LONGITUDINAL  SECTIONS). 
(Aboul  one-Hfth  naluml  stn-. ) 


Bui.  69.  Bursiu  of  print  Indu^liy.  U.  S  Depl.  of  keHcul 


FlQ.    1.— NANSEN. 


i,  2.— TOMHANNOCK. 


FlQ.  3.— Big  Boston. 


Fio.  5.— All  Seasons.  Fig.  6.— Pas 

TYPICAL    YOUNG    PLANTS. 


Fig.  1  .—Boston  Curled. 
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B.  T.  Galloway, 
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Secretary  of  Agrictdtu/re. 
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PREFACE. 


The  dnram  wheats  are  of  a  group  quite  distinct  from  any  other 
wheat,  and  until  recently  their  qualities  were  practically  unknown  in 
this  oountry.  After  it  had  been  determined  that  they  were  admirably 
adapted  for  cultivation  in  the  semiarid  districts  (see  Bulletin  3  of  this 
Bureau)  the  demonstration  of  their  value  for  various  commercial 
purposes,  particularly  for  making  bread,  became  the  next  most 
important  question.  Numerous  tests  have  been  made  by  private 
parties,  and  careful  experiments  have  been  conducted  by  the  South 
Dakota  Agricultural  Experiment  Station.  The  Department  of  Agri- 
culture has  also  investigated  the  matter,  and  the  present  publication 
by  Messrs.  Carleton  and  Chamberlain  gives  the  findings  of  the  last 
two  years.  As  a  result  of  all  these  inquiries  the  commercial  standing 
of  durum  wheat  may  now  be  considered  as  established,  thus  adding  a 
valuable  industry  to  the  resources  of  our  country. 

Erwin  F.  Smith, 
Acting  Pathologist  and  Physiologist 

Oppick  of  Vegetable  Pathological 

AND  Physiological  Investigations, 

Washington,  D.  C.^  August  4,  1904* 
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THE  COMMERCIAL  STATUS  OF  DURUM  WHEAT. 


INTBOBTTCnON. 

The  cultivation  in  this  country  of  durum  wheat  in  response  to  an 
actual  demand  for  it  has  passed  the  third  season,  and  the  fourth  crop 
will  soon  be  ready  for  delivery.  Previous  to  1901  this  wheat  could  not 
usually  be  sold  at  the  elevators  or  mills  at  any  price  and  was  rarely 
grown — in  small  quantities  only,  for  stock  feed.  Since  its  commercial 
value  has  been  demonstrated  the  production  has  increased  from  100,000 
hashels,  the  largest  estimate  in  1901,  to  at  least  6,000,000  bushels 
In  1903 — an  increase  of  sixtyfold  in  two  years.  On  March  18,  1904, 
the  price  of  durum  wheat  at  Buffalo,  N.  Y.,  was  tl.OS  per  bushel, 
though  there  was  practically  none  to  be  obtained.  Since  May  20, 
1904,  $1  per  bushel  has  been  offered  at  Buffalo  for  No.  2  durum  wheat, 
to*  arrive  on  the  opening  of  lake  navigation.^  A  very  good  export 
husiness  was  accomplished  with  the  1903  crop,  although  the  quality 
of  the  grain  for  export  in  that  year  was  the  worst  it  has  ever  been,  or 
is  likely  to  be,  because  of  the  unusually  wet  season.  In  the  entire 
history  of  the  countrj'^  no  other  new  crop  appears  to  have  made  so 
remarkable  a  record. 

PBOFEB  BANK  OF  DTJBT7M  WHEAT. 

It  is  a  striking  fact  that  6,000,000  bushels  of  a  grain  formerly  rejected 
should  be  sold  at  a  fancy  price  toward  the  close  of  the  winter,  long 
before  the  new  season  opens.  Most  important  of  all,  much  the  larger 
portion  was  sold  to  the  mills  for  making  bread  flour.  The  significance 
of  these  facts  is  evident.  The  continued  success  of  recent  milling  and 
baking  operations  has  clearly  demonstrated  that  durum  wheat  has 
not  heretofore  been  given  its  proper  rank.  It  should  properly  be  con- 
sidered as  a  wheat  of  the  highest  class,  ranking  with  hard  spring  and 
hard  winter,  but  should  be  graded  on  its  own  merits  and  kept  abso- 
lutely distinct  fi-om  either  of  these. 

<>It  ighonld  he  noted  that  this  particnlar  demand  for  durum  wheat  is  chiefly  for 

nuUdiu  bread  flour  at  the  mills. 
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COMMERCIAL   STATUS    OF   DUEUM    WHEAT. 


In  portions  of  Europe  where  this  wheat  is  well  known  its  excellent 
qualities  have  been  properly  recognized  for  a  long  time,  as  mentioned 
in  former  publications.  In  France,  the  greatest  bread-eating  country 
of  the  world,  a  large  quantity  of  durum  wheat  is  used  for  bread,  and 
in  the  region  from  Greece  to  Roumania,  inclusive,  it  forms  a  large 
I)ercentage  of  the  annual  crop  consumed.  Much  the  largest  produc- 
tion of  durum  wheat  is  in  east  and  south  Russia,  and  the  price  at  the 
principal  Russian  markets  is  always  higher  than  that  Of  the  hard  red 
spring  and  winter  wheats,  although  the  latter  easily  equal  in  quality 
the  similar  wheats  of  this  country.  In  the  Volga  River  region  the 
variety  Kubanka  or  Beloturka,  a  durum  wheat,  is  the  most  popular 
of  all  and  always  commands  a  price  considerably  higher  than  that  of 
the  hard  red  wheats,  this  price  being  the  same  either  for  local  con- 
sumption or  for  export.     The  best  bread  of  that  region  contains  at 
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least  80  per  cent  of  Kubanka  wheat  flour,  the  remainder  being  usually 
hard  red  spring  wheat  flour. 


^  The  extract  here  shown  of  this  board  of  trade  btdletin  (a  translation  of  which  is 
given  on  page  11)  gives  the  quantity  of  different  grains  received  daily  at  thia  point 
and  the  daily  variation  in  price  (in  kopecks)  per  pood.  All  of  the  kinds  of  wheat 
represented  are  durum  except  the  one  called  Russian.  It  will  be  seen  that  the 
durum  wheats  not  only  arrive  in  considerably  larger  quantities,  but  command  a 
much  higher  price  than  the  variety  Russian,  although  thia  latter  variety  corre- 
si>onds  well  to  our  own  northern  hard  spring  w^heats  and  is  absolutely  as  good  in 
quality.    In  fact,  our  own  hard  spring  wheat  probably  originated  in  that  region. 
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The  city  of  Samara,  on  the  upper  Volga,  having  a  population  of 
about  100,000,  although  not  particularly  a  milling  center,  corresponds 
fairly  well  in  other  respects  to  Minneapolis  as  a  grain  market.  At 
this  place  a  variety  called  simply  *  *  Russian  "  is  the  chief  representative 
of  the  hard  spring  wheats,  while  the  durum  wheat  group  is  represented 
by  Kubanka.  A  photographic  reproduction  of  a  portion  of  the  daily 
bulletin  of  the  Samara  board  of  trade  is  shown  in  figure  1,  followed 
by  a  translation  of  the  same,  which  illustrates  the  superior  value  of 
Kubanka  wheat  at  this  place.  It  will  be  seen  that  from  September  19 
to  25,  1898,  the  price  of  Kubanka  ranged  from  109  to  123  koi)ecks 
(1  kopeck  equals  0.515  cent)  per  pood  (30  pounds),  and  that  Russian 
sold  at  82  to  103  kopecks.  The  number  of  cartloads  of  Kubanka 
received  during  the  week  was  5,550,  while  1,930  cartloads  of  Russian 
were  received  during  the  same  time.*    It  is  interesting  to  note  that 


<>  A  cartload  ordinarily  averages  43  bushels.     This  was  a  famine  year  in  east 
Rnssia;  hence  the  grain  receipts  at  Samara  were  imnsnally  low. 


12  COMMEBOIAL   STATUS   OK  DUBUM  WHEAT. 

just  five  years  later  almost  an  exact  reverse  of  the  relations  in  prioe 
of  these  two  classes  of  wheat  existed  in  this  country,  at  Minneapolis, 
and  yet  we  have  the  same  system  of  milling  and  largely  the  same 
export  outlet  for  our  wheat  and  flour  as  Russia.  The  explanation  is 
that  the  American  trade  is  only  now  becoming  acquainted  with  durum 
wheat. 

SPECIAI4  aUALITIES  OF  COMMEBCIAIi  VAI^XTE. 

So  long  as  durum  wheat  is  grown  where  it  is  well  adapted,  it  will 
always  possess  certain  special  qualities  of  commercial  value  not  exist- 
ing to  so  great  a  degree  in  other  wheats:  (1)  In  the  strictly  semiarid 
districts  it  usually  ripens  earlier  than  other  spring  wheats.  This 
allows  the  wheat  a  greater  chance  to  escape  insect  and  fungous  pests 
and  thus  insures  a  plumper,  finer  kernel.  (2)  Freedom  from  rust 
and  smut  is  still  further  insured  by  the  natural  resistance  of  this 
wheat  to  the  attacks  of  such  fungi.  The  importance  of  smut  resist- 
ance in  the  fields  of  the  Northwest  is  manifest  to  those  who  are  aware 
of  the  great  damage  to  wheat  from  this  cause  in  that  region.  (3)  Hard 
spring  and  winter  wheats  are  known  to  produce  a  harder,  better  grain 
in  the  drier  districts  and  in  dry  seasons.  Durum  wheat,  being  par- 
ticularly adapted  to  such  conditions,  always  furnishes  an  excellent 
hard  grain  without  a  corresponding  decrease  in  yield.  (4)  Accom- 
panying this  drought  resistance  and  hardness  of  grain  is  a  correspond- 
ing increase  in  the  quantity  and  quality  of  the  gluten. «  (5)  In  the 
analyses  of  flour  and  bread,  given  on  another  page,  it  is  shown  that 
the  sugar  content  of  durum  wheat  is  considerably  greater  than  that 
of  other  wheats.  Even  a  small  percentage  of  difference  in  this 
respect  is  of  great  importance  to  the  baker  during  a  year's  operations. 
(6)  The  extreme  dryness  of  the  durum  wheat  grain  in  a  good  season  * 
gives  the  flour  a  great  power  of  absorption,  which,  other  conditions 
being  equal,  allows  the  baker  to  obtain  more  loaves  from  the  same 
weight  of  flour,  and  in  some  cases  would  thus  give  this  wheat  a  great 
advantage  over  other  wheat  flours  of  less  absorption. 

THE  NAME  ''DX7BT7M." 

Durum  wheat  is  generally  known  in  this  country  as  macaroni 
wheat.  It  is  now  a  matter  of  regret  that  this  name  was  used.  It  was 
first  employed  in  publications  of  this  Department,  chiefly  because  of 
the  fact  that  no  other  wheat  will  make  first-class  macaroni.     It  was 

a  The  results  of  experiments  with  different  flours,  discussed  elsewhere  in  this 
bulletin,  do  not  show  any  particular  superiority  for  this  wheat  over  others  in  this 
respect,  but,  as  there  explained,  the  flours  examined  were  those  of  wet  seasons, 
which  are  especially  injurious  to  durum  wheat. 

^  It  should  be  explained  that  a  good  season  for  durum  wheat  may  he  a  poor  one 
for  ordinary  wheat.  Within  extreme  limits  the  drier  the  season  the  better  it 
is  for  this  wheat,  while  unusual  moisture,  especially  great  humidity,  is  very 
disastrous. 
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deemed  sufficient  at  first  to  establish  its  commercial  value  on  this 
basis  alone,  and  its  use  for  bread  was  not  then  urged  by  the  Dex>art- 
ment.  The  results  of  milling  and  baking  operations  of  the  last  two 
years,  however,  have  so  changed  the  status  of  the  wheat  that  it  now 
seems  quite  desirable  to  discard  the  name  ^^  macaroni,"  for  the  follow- 
ing reasons :  (1)  It  is  quite  misleading,  as  durum  wheat  is  now  known  to 
make  excellent  bread  as  well  as  macaroni;  and  (2)  it  is  not  a  general 
name;  in  fact,  is  not  used  outside  of  this  country,  except  very 
recently  in  Canada  and  Australia.  It  is  therefore  recommended  and 
urged  that  grain  dealers,  inspectors,  and  all  others  concerned  use  the 
name  "durum"  instead  of  "macaroni."  The  word  "durum "means 
hardy  and  is  therefore  very  appropriate,  and  it  is  universally  known. 
Many  farmers  will  no  doubt  persist  in  using  the  name  "macaroni,"  but 
the  name  "durum"  will  usually  be  understood  by  them.  For  a  time 
the  name  "macaroni"  might.be  used  parenthetically  uptil  the  name 
"durum"  becomes  more  famiUar. 

DTJBTTM  WHEAT  FOB  KACABOKI. 

While  the  durum  wheat  can  not  be  correctly  considered  as  simply 
a  macal'oni  wheat,  yet  it  should  be  kept  in  mind  that  no  other  wheat, 
except  perhaps  Polish,  will  make  good  macaroni.  There  are  two 
chief  reasons  why  Americans  do  not  eat  several  times  as  much  maca- 
roni as  at  present:  (1)  It  is  usually  not  made  from  the  proper  kind 
of  wheat  and  (2)  it  is  rarely  prepared  properly  in  the  kitchen.  The 
former  is  probably  the  more  important  reason.  It  is  as  easy  to  make 
typical  Minneapolis  flour  from  California  wheat  as  it  is  to  make 
first-class  macaroni  from  other  than  durum  wheat.  It  is  a  common 
error  to  suppose  that  the  excellence  of  Italian  macaroni  is  due  simply 
to  the  methods  of  manufacture  employed  by  Italians.  The  real  rea- 
son for  this  excellence  is  that  only  durum  wheat  is  used,  though  it  is 
true  that  the  methods  employed  are  occasionally  superior  to  those  of 
many  American  factories. 

GHABACTBRISTICS  OF  GOOD  MACARONI. 

The  principal  characteristics  of  good  macaroni  and  those  which  dis- 
tinguish a  product  of  true  durum  wheat  from  that  which  is  made  from 
ordinary  wheat  are  as  follows:  (1)  It  must  have  a  rich  yellow  color, 
at  the  same  time  without  any  application  of  artificial  coloring  matter; 
(2)  it  must  be  translucent  or  almost  transparent;  (3)  the  sticks  should 
permit  of  considerable  bending  without  breaking;  (4)  the  macaroni 
should  be  able  to  retain  its  firmness  after  at  least  twenty  minutes  in 
boiling  water;  (5)  when  served  at  the  table  it  should  not  be  flabby  nor 
pasty;  (6)  it  should  not  be  soft  and  doughy  when  eaten,  but  should 
remain  firm  in  consistency.  Of  course,  the  attainment  of  these  quali- 
ties will  depend  to  some  extent  upon  the  methods  of  manufacture  of 
either  the  semolina  or  the  macaroni,  or  both,  but  it  is  always  mainly 
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dependent  upon  the  kind  of  wheat  employed.  As  all  food  grains 
contain  an  abundance  of  starch,  the  comparative  nutritive  value  of 
different  kinds  of  macaroni  or  of  macaroni  made  from  different  kinds 
of  wheat  will  depend  chiefly  upon  the  proteid  content;  but,  as  in  the 
case  of  bread  making,  it  must  be  remembered  that  the  quality  as  well 
as  the  quantity  of  gluten  is  of  great  importance. 

The  following  series  of  analyses  made  by  the  Bureau  of  Chemisti-y 
of  this  Department  will  give  some  information  on  the  comparative 
percentage  of  proteids  in  macaroni  from  different  wheats.  It  will  be 
seen  that  the  highest  percentage  of  proteid  is  found  in  the  macaroni 
produced  from  durum  wheat. 

Table  1. — Analyses  of  macaroni  produced  from  different  wheats;  results  expressed 

as  percentages. 
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Spaghetti... 


Macaroni 
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Macaroni 
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PROCESS  OP  MANUFACTURE. 


Though  the  kind  of  wlieat  employed  is  by  far  of  the  greatest  impor- 
tance, yet  the  process  of  manufacture  in  most  of  the  factories  of  this 
country  is  very  unsatisfactory,  and  there  is  no  doubt  that  very  much 
better  results  would  be  obtained  by  the  employment  of  better  methods. 
There  are,  of  course,  two  processes,  viz,  (1)  the  manufacture  of  the 
semolina  and  (2)  the  making  of  the  macaroni,  and  it  is  important 
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that  proper  methods  should  be  employed  in  each  case.  The  chief 
defect  in  American  methods  is  in  the  manufacture  of  the  semolina, 
and  this  consists  mainly  in  very  imperfect  oi)erations  with  the  bolting 
cloth.  Several  of  the  finer  products  should  be  screened  out  and  the 
particular  grade  of  semolina  intended  for  macaroni  should  be  very 
mach  coarser  than  is  ordinarily  furnished  by  the  mills;  in  fact,  the 
production  of  a  proper  grade  of  semolina,  now  that  the  proper  wheat 
is  in  cultivation,  is  practically  the  only  requisite  in  this  country  for 
the  production  of  the  very  best  macaroni  that  can  be  made.  It  must  be 
said  that  several  of  the  millers  of  this  country  have  spent  much  time 
and  money  in  an  endeavor  to  improve  their  milling  operations  in  this 
respect,  and  have  already  made  considerable  progress.  The  reader 
is  referred  to  Bulletin  No.  20  of  the  Bureau  of  Plant  Industry,  enti- 
tled "  Manufacture  of  Semolina  and  Macaroni,"  for  detailed  descrip- 
tions of  proper  methods  of  manufacture  of  both  semolina  and  maca- 
roni. It  is,  of  course,  to  be  expected  that  in  time,  when  very  much 
more  of  the  durum  wheat  shall  be  employed,  milling  ojierations  will 
become  much  more  perfect. 

It  has  been  affirmed  in  recent  years  and  it  is  the  general  supposi- 
tion that  the  consumption  of  macaroni  in  this  country  has  consider- 
ably increased.  It  would  be  of  much  interest  to  learn  the  actual  facts 
bearing  on  this  question;  but  the  statistics  of  the  census  are  furnished 
only  every  ten  years,  and  it  is  now  necessary  to  wait  for  another  cen- 
sus before  it  can  be  determined  whether  there  has  been  any  increase 
in  the  last  few  years,  since  the  last  census  covered  the  production  of 
1899.  The  Treasury  statistics  on  the  importation  of  foreign  macaroni 
are  available  every  year,  and  of  course  these  figures,  added  to  our 
own  yearly  production,  would  give  practically  the  total  consumption 
in  this  country,  as  there  is  very  little  export. 

By  the  courtesy  of  the  Bureau  of  the  Census  of  the  Department  of 
Ck)mmeroe  and  Labor  special  unpublished  sheets  have  been  furnished 
from  which  approximate  statistics  on  the  production  of  macaroni  in 
1899  have  been  compiled.  The  entire  production  for  that  year  of  the 
factories  which  returned  reports  to  the  Bureau  was  15,193,774  pounds, 
having  a  wholesale  value  at  the  warehouse  where  produced  of 
$1,494,272.  It  is  known  to  the  Department  of  Agriculture  that  three 
or  four  of  the  largest  factories  in  the  United  States  made  no  returns. 
Several  others,  of  course,  may  not  have  reported,  but  probably  very 
few.  The  figures  above  given  are  therefore  minimum  figures,  but  the 
correct  amount  in  each  case  would  probably  not  l)e  very  much  more. 

As  it  will  no  doubt  be  a  matter  of  considerable  interest  commer- 
cially, it  is  thought  well  to  publish  a  list  of  all  the  macaroni  factories 
in  the  United  States  so  far  known  to  this  Department.  This  list  fol- 
lows, with  the  addresse;9  of  the  factories.  There  are  possibly  a  half 
dozen  or  more  factories  not  included  in  the  list,  but  it  is  probably 
fairly  complete. 
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LIST  OF  MANUFACTURERS  OF  MACARONI  IX  THE   UNITED  STATES. 

CALIFORNIA. 

Los  Angeles: 

California  Macaroni  Company,  230  Aliso  street. 

Kahn-Beck  Company,  467  Aliso  street. 
Oakland: 

Swiss-Italian  Paste  Company,  518  Fifth  street. 
Sacramento: 

Foppiani  &  Co.,  1115  Second  street. 
San  Francisco: 

Arata  Bros. ,  325  Broadway. 

California  Italian  Paste  Company,  347  Sacramento  street. 

Celli,  JohnB.,  8  Margaret  place. 

Columbus  Paste  Company,  425  Jackson  street. 

Cuneo  Bros.,  511  Green  street. 

Landucci  <fe  Co. ,  1423  Kearney  street. 

Martinoni  &  Podesta,  512-514  Washington  street. 

Matteucci,  F.,  &  Co.,  411-413  Francisco  street. 

Mufito,  C.  E.,  &  Co.,  705-707  Battery  street. 

Nunziato,  L.,  415  Broadway. 

Paravagna,  Giacoma,  1  Vulcan  lane. 

San  Francisco  Paste  Company,  704  Sansome  street. 

Smario  &  Grego,  810  Battery  street. 

Sosso,  Henry  G.,  1313  Dupont  street. 

Splivalo,  C.  R.,  &  Co.,  307  Battery  street. 

Valente,  Luigi,  214  Broadway. 
San  Jose: 

Baiocchi,  M.,  &  Co. 

Prola,  J. 

Ravenna  Paste  Company. 

San  Jose  Italian  Paste  Company. 

COLORADO. 

Denver: 

Mazza,  F.,  &  Co.,  327  Gerspach  avenue. 

Western  Union  Macaroni  Manufacturing  Company,  8654-8058  Bell  street, 
comer  West  Thirty-seventh  avenue. 
Starkville: 

Scavarda  Paste  and  Sausage  Factory. 
Trinidad: 

Casa,  Joseph. 

DELAWARE. 

Wilmington: 

Union  Macaroni  Company,  209  East  Fifth  street. 

ILLINOIS. 

Chicago:  I 

Canepa,  John  B. 

Meyers  Brothers  Macaroni  Company  (new).  I 

National  Macaroni  Company,  36  La  Salle  street.  j 

Braid  wood: 

Rossi,  Peter. 

INDIAN  TERRITORY 

South  McAlester: 
Fassino  Brothers. 
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IOWA. 

Davenport: 
.  Crescent  Macaroni  Company,  comer  Fifth  and  Iowa  streets. 

LOUISIANA. 

Xew  Orleans: 

Bertoleti,  Domiuick,  1300  Chartres  street. 

(.'usimano,  J.,  619  St.  Philip  street. 

Federico,  L.,  &  Bro.,  1000  Chartres  street. 

Q«nsler,  Philip,  520  Conti  street. 

Gnercio,  S.,  &  CJo.,  310  Rampart  street. 

Impastato,  Giuseppe,  610  Dumaine  street. 

Impastato,  V.,  &  Co.  (Limited),  400  Magazine  street. 

Mathes,  Louis,  &  Co.,  1739  St.  Charles  avenue. 

Messina,  S.,  Macaroni  Manufacturing  Company  (new). 

Peres,  Francois,  521  St.  Louis  street. 

Sambola  Italian  Paste  Factory  (Limite<l),  662  St.  Peter's  street. 

Spicumi  &  Valenti,  727  Ursuline  street. 

Torre,  J.,  &  Bro.,  429  Decatur  street. 

MARYLAND. 

Baltimore: 

Nocitra,  L.,  &  Co.,  516  Ensor  street. 

MASSACHUSETTS. 

Boston: 

Ficino  &  Lairdino,  21  Chatham  street. 

Hayes,  James  A. ,  &  Co. ,  9-1 1  Commercial  street. 

Jannini,  Cresenzio  &  Co.,  191  Maverick  street. 

Terrile,  P.,  282  Commercial  street. 

Vesce  &  Capodilupo,  317  North  street. 

MICHIGAN. 

Detroit: 

Marvelli  Company,  The,  115  Larned  street  West. 
Pont iac-Peninsula  Macaroni  Company  (new). 
Schmid,  A.  J.,  407  Elmwood  avenue. 

I 

j  MINNESOTA. 

jltinneapolis: 

Minneapolis  Macaroni  Factory,  56  Central  avenue. 
St.  Paul: 

Minnesota  Macaroni  Company,  42  East  Isabel  street. 

Vermicelli  and  Macaroni  Company,  The. 

■  MISSOURI. 

Kansas  City: 

Baker  Manufacturing  Company,  528  Walnut  street. 

G^argotta,  Joseph,  &  Son,  500  East  Third  street. 
St.  Loais: 

Capnano,  Damiano,  923  North  Eighth  street. 

Catanzaro,  Joseph,  924  North  Eighth  street. 

Gandolfo-Ghio  Manufacturing  Company,  104  South  Eighth  street. 

Kappes,  Erwin,  814  Julia  street. 

Maull,  Chas.,  Macaroni  Company,  7  North  Second  street. 

Stobie  Cereal  Mills,  711  North  Second  street. 
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MONTANA. 

Butte: 

Imperial  Paste  ManTifa<*tnring  and  Mercantile  Company. 

NEW  JERSEY, 

Jersey  City: 

Mueller,  0.  F.,  &  Co.,  93  Boyd  avenue. 
Kewark: 

Fello,  Roffalbe,  130  Seventh  avenue. 

Geroot,  Michael,  127  Seventh  avenue. 

Maulano,  Francesco,  45  Sheffield  street. 

Sapniolo,  Vincenzo,  23  Adams  street. 
Vineland: 

D'Ippolito,  G.  B.,  620  Cherry  street. 

NEW  YORK. 

Brooklyn: 

Castruccio,  A.,  &  Sons,  66  Sackett  street. 

Romeo,  F.,  &  Co.,  25-27  Carroll  street. 

Savarese,  V.,  &  Bros.,  50  Ir\nng  street. 

Zerega's  Sons,  A.,  61  Front  street. 
Buffalo: 

Amigona.  Nicholas,  163  Main  street. 

Antoniazzi,  Charles,  161  Seneca  street. 

Buffalo  Macaroni  and  Vermicelli  Works,  187  Broadway. 

Carmelo,  Manzella,  243  Court  street. 

Catalano,  Pietro,  32  State  street. 

Guarina,  Frank,  2H0  Terrace  street. 

Gugiiio  Brothers,  107  Wilkeson  street. 

Onetto,  Louis,  137  Broadway. 
New  York: 

Atlantic  Macaroni  Company,  West  Twenty-first  street,  between  Tenth  and 
Eleventh  avenues. 

Columbia  Importing  and  Manufacturing  Company,  138  Jane  street. 

Goodman,  A.,  &  Sons,  63H  East  Seventeenth  street. 
Syracuse: 

Hotaling- Warner  Company,  The,  419  Tracy  street. 
Utica: 

Central  Macaroni  Company. 

Italian  Macaroni  Company. 

OHIO. 

Chardon: 

Chardon  Macaroni  Company. 
Cincinnati: 

Foulds  Milling  Company,  1225  Budd  street. 

German  and  American  Pure  Food  Company,  1404  Walnut  street. 

Routspohler,  A.  H.,  Company,  114  West  Court  street. 

Schwinn,  J.  S.,  Company,  1540  Race  street. 

Wuerdemann  Company,  The,  431  East  Pearl  street. 
Cleveland: 

Cleveland  Macaroni  Company,  The,  1  Shaw  street. 

Catalano,  Maria  C,  15  Scovill  avenue. 

De  Nicola  &  Co. ,  66  Hill  street. 

Di  Franco,  Antonio,  44  Brandon  street. 

French  Delicacy  Company,  58  Frankfort  street. 
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Ilereland— Continued. 

GJeracio,  Gaetano,  124  Woodland  avenue. 

Pfaffman  Egg  Noodle  Company,  278  Seneca  street. 

Rnsso,  G.,  &  Co.,  94  Coltman  street. 
!>olainbii8: 

Ingram,  W.  H.,  176  King  avenue, 
foungstown: 

Yotmgstown  Macaroni  Company,  103  South  Watts  street. 

OREGON. 

Portland: 

Colombo  Paste  Company. 
Pacific  Coast  Biscuit  Company. 

PENNSYLVANIA. 

Qamegie: 

Bisi,  Ernesto. 
Philadelphia: 

Ackerman,  Rudolph,  1^1  Germantown  avenue. 

Cini  &  Tasca,  933  South  Tenth  street. 

Cuneo,  Frank,  801  Christiana  street. 

De  Angelis,  R.,  &  Co.,  915  South  Seventh  street. 

De  Cecco,  Giuseppe,  4392  Germantown  avenue. 

Di  Cuglielmo,  Louis,  804  South  Sixth  street. 

Di  Kapoli,  Antonio,  741  South  Seventh  street. 

Guano  &  Raggio,  924  South  Seventh  street. 

Italian  Steam  Manufacturing  Company,  1021  South  Ninth  street. 

Krumm,  A.  C,  &  Son,  1012  Dakota  street. 

Lanfer,  Anton,  2333  North  Second  street. 

Mamarella,  Gaetano,  1205  South  Ninth  street. 

Pataneo,  Peter,  725  Carpenter  street. 

Ricchezza  &  Vema,  1021  South  Ninth  street  and  804  Kimball  sti-eet. 

Sassa,  Joseph,  812  Gajipenter  street. 
Pittsburg: 

Piccardo,  B.,  185  Forty-first  street. 

Plnmfield,  Marecial,  4520  Laurel  street. 
Scranton: 

Cassesse  Brothers,  99  Lackawanna  avenue. 

TENNESSEE. 

Memphis: 

De  Marchi,  Victor,  93  Main  street. 

TEXAS. 

Dallas: 

Carlisi  &  Taibbi,  258-262  Live  Oak  street. 

Dallas  Grand  Macaroni  Factory. 
Galveston: 

Texas  Star  Macaroni  Factory,  G.  Martinelli  &  Co.,  2014  Twenty-eighth  street. 
Hoiuton: 

Houston  Macaroni  Company,  F.  Bonno  &  Bro.,  114  Preston  avenue. 
i      Manno,  Fran,  516  Milam  street. 
!  8»n  Antonio: 

Battaglia  &  Co. 
J      Mesa,  F.,  106  Hessler  street. 

Saladino,  A.,  228  Salinas  street. 

Sau  Antonio  Paste  Works. 
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WASHINGTON. 

Seattle: 

Ghiglione,  A.  F.,  &  Sons,  2818  First  avenne. 
Tacoma: 

Martinolich,  J.  C. ,  North  Thirty-second  street,  between  Oakes  and  Pine  streets. 

WISCTONSIN. 

Milwaukee: 

Lorenz  Brothers  Macaroni  Company. 

rOSSIBILITY   OF   EXPORT  OF  SEMOLINA  AND  MACARONI. 


The  amount  of  macaroni  imported  into  the  United  St^ites  average 
somewhere  near  18,000,000  pounds  per  annum.  Comparing  this  with 
the  minimum  figures  on  domestic  production  previously  given,  it  is 
seen  that  our  annual  production  of  macaroni  is  very  nearly  the  same 
as  our  annual  import.  A  fancy  price  is  nearly  always  paid  for  the 
imported  macaroni,  and  yet  the  domestic  macaroni  should  l3e  just  as 
good  when  made  from  the  proper  wheat.  There  is  oft^n,  it  is  true,  a 
hick  of  proper  methods  of  manufacture  of  the  semolina,  but,  as  befoi-e 
stated,  several  American  mills  are  already  making  rapid  progress  in 
that  regard.  Given,  therefore,  a  large  production  of  the  durum 
wheat  there  is  every  prospect  of  a  future  production  of  macanrai  at 
least  equal  to  the  home  demand,  and  probably  a  sufficient  quantity 
for  a  good  export  trade  before  many  years  have  passed. 

The  Ignited  States  has  a  large  export  flour  trade,  and  there  is  appar 
ently  no  good  reason  why  there  should  not  also  be  a  good  export  trade 
in  macaroni.  But  the  commercial  value  of  the  wheat  is  of  course  not 
limited  to  the  niere  manufacture  of  macaroni.  The  macaroni  manu- 
facturer stands  in  the  same  relation  to  the  semolina  manufacturer  as 
that  borne  by  the  baker  toward  the  miller.  An  export  trade  to  cor- 
respond with  that  of  bread  flour  should  therefore  be  an  export  of 
semolina  rather  than  of  macaroni.  The  semolina  manufacturers  of 
Francie,  who  furnish  a  large  proportion  of  the  semolina  for  European 
macaroni,  are  obliged  very  largely  to  import  their  wheat.  The  mills 
of  this  country  would  therefore  have  the  advantage  in  that  respect, 
at  least  over  the  French  semolina  millers,  and  ought  to  be  aKeto 
(tomi^ete  very  sharply  with  the  French  mills  in  supplying  the  numer- 
ous macaroni  factories  of  Italy  with  semolina. 

METHODS   OF   COOKING   AND   SERVING   MACARONI. 

It  is  a  common  experience  that  while  macaroni  is  often  mentioned 
on  hotel  bills  of  fare,  a  large  percentage  of  the  guests  of  these  hotels 
seldom  taste  it.  As  has  already  been  stated,  one  of  the  reasons  for 
this  condition  is  the  general  ignorance  throughout  thiscountry  of  the 
proper  methods  of  preparing  and  serving  macaroni.  The  most  com- 
mon form  in  which  macaroni  is  served  in  this  country  is  a  very  white, 
pasty,  doughy  mass  of  the  sticks,  served  in  dilute  tomato  sauce.  The 
most  enthusiastic  lover  of  macaroni  would  have  very  little  if  any- 
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thing  to  do  with  a  dish  of  that  kind.  Of  coui-se  it  is  likely  to  bo 
served  in  a  little  better  condition  on  the  tables  of  private  families, 
but  even  then  there  is  rarely  much  variation  in  preparation  from  tlie 
method  above  described.  It  is  little  wonder,  therefore,  if  there  are 
very  few  converts  from  year  to  year  to  the  use  of  macaroni  as  a  food 
in  their  own  homes. 

There  are  of  course  numerous  methods  of  preparing  macaroni  for 
the  table,  just  as  in  the  case  of  the  preparation  of  any  other  food,  but 
there  is  no  doubt  whatever  that  many  of  the  very  best  methods  are 
wholly  unknown  to  most  Americans.  Naturally  many  of  these  meth- 
ods are  only  used  in  foreign  countries,  where  macaroni  is  a  much  more 
common  food  than  in  the  United  States.  Many  recipes,  however,  are 
to  be  found  in  the  best  cookbooks  of  this  country,  which,  if  widely 
followed,  would  at  once  give  an  impetus  to  the  use  of  this  food  by  the 
American  people. 

With  the  hope  of  helping  to  make  macaroni  a  much  more  attractive 
food  and  of  inducing  the  people  to  eat  it  much  more  generally,  there 
are  reproduced  here  from  various  sources  a  number  of  selected  recipes 
for  preparing  this  food,  which  seem  to  be  the  best  or  among  the  best 
out  of  several  hundred  that  have  been  as  carefully  investigated  as 
possible.^ 

In  order  to  make  the  list  of  recipes  more  convenient  for  reference 
it  is  classified  rather  roughly  under  the  headings,  viz,  semolina,  soups, 
macaroni  with  cheese  or  milk,  macaroni  with  tomatoes,  macaroni  with 
meats,  macaroni  with  nuts,  timbales,  croquettes,  garnitures,  spaghetti, 
salads,  desserts,  special  Italian  recipes,  and  miscellaneous.  One  notes 
at  once  the  interesting  fact  that  several  palatable  dishes  may  be  pre- 
pared from  the  semolina  itself,  and  as  true  semolina  produced  from 
durum  wheat  has  not  hereto^re  been  made  in  this  country  (and  is 
not  even  now  produced  to  perfection)  and  has  never  been  imi)orted, 
these  will  prove  to  be  practically  new  dishes.  Noodles  is,  in  a  way, 
a  kind  of  macaroni,  but  being  more  commonly  known  and  so  often 
made  from  various  kinds  of  flour,  even  the  finest  of  patent  flour, 
dishes  prepared  from  noodles  are  not  included  in  these  recipes. 

RECIPES. 
SKMOLINA. 

Semolind  fritters. — Boil  in  a  stewpan  1  pint  of  milk  with  3  ounces  of  siiKar;  as 
Boon  as  it  boils  add  6  ounces  of  semolina;  stir  until  it  thickens;  let  it  cook  7  or  s 


^Aside  from  other  sources,  in  selecting  these  recipes  the  chief  authorities  con- 
sulted are  as  follows,  viz:  Collections  of  recipes  by  the  Foulds  MillinK  Company, 
the  Minnesota  Macaroni  Company,  and  the  Marvelli  Macaroni  Comi)any;  French 
Cookery  for  English  Homes,  compiled  hy  Wm.  Blackwood  &  Sons:  Mrs.  Lam- 
bert's Guide  for  Nut  Cookery:  Marion  Harland's  Complete  C(K)kl)ook;  Gesine 
I«mcke's  European  and  American  Cuisine;  Deliee's  Franco- American  Cookery 
Book,  and  Francatelli's  Modem  Cook. 
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minntefl.  Remove  the  stewpan  from  the  fire;  pat  in  a  piece  of  batter  the  siie  of 
an  egg,  3  yolks  of  eggs,  1  whole  egf^,  the  chopped  rind  of  a  lemon  or  orange,  a 
handfal  of  carrants,  and  a  liqnor  glass  of  Idrsch.  Poar  this  paste  on  a  cake  tiiil 
which  has  been  moistened  with  water;  spread  the  paste  to  the  thickness  of  I  inch. 
When  it  is  cold  divide  it  into  squares,  or  in  roands,  with  a  paste  catter;  pass  these 
throagh  2  beaten  eggs,  then  into  bread  crambs,  and  plnnge  them  in  boiling  fat 
nntil  they  take  a  good  color. 

Cold  Hemolina  pudding, — Boil  1  qoart  of  milk  with  a  piece  of  thin  lemon  rind 
(the  rind  most  be  cat  so  thin  that  not  a  morsel  of  the  white  anderskin  attaches 
to  it) ,  3i  onnces  of  sagar,  a  grain  of  salt,  and  2  oancesof  fresh  batter.  As  soon  as 
it  boils  sprinkle  into  it  3^  onnces  of  semolina,  stirring  all  the  time  with  a  wooden 
siK>on.  When  it  has  boiled  2  minntes  draw  it  on  one  side  of  the  stove  and  let  it 
simmer  for  7  or  8  minntes.  In  the  interval,  moisten  the  inside  of  a  mold  with 
cold  water  (a  salad  bowl  will  do  as  well  as  a  mold) ;  poar  in  the  semolina  after 
having  taken  oat  the  lemon  rind.  This  padding  is  eaten  cold,  and  is  best  with  ' 
gooseberry  sauce,  bat  any  frait  simp  can  be  served  with  it. 

Gooneberry  sauce  for  the  above. — Put  in  a  stewpan  1  poand  of  ripe  red  goose- 
berries; crash  them.  When  they  boil  x>&8s  them  throagh  a  hair  sieve.  Boil  the 
liquid  2  or  3  minutes  with  3|  ounces  of  white  crashed  sugar  and  a  wineglassfnl  of 
water.    Let  it  get  cold. 

Semolina  souffU. — Boil  1  pint  of  milk  with  ^  pound  of  vanUla  sugar  and  a  grain 
of  salt.  When  it  boils  drop  in  gradually  1^  ounces  of  fine  semolina,  stirring  contin- 
ually with  a  wooden  spoon;  let  it  cook  for  8  or  10  minutes;  add  1  \  onnces  of  fresh 
butter.  Pour  the  mixture  into  a  basin;  mix  it  with  5  yolks  of  eggs.  Beat  up  the 
5  whites  to  a  firm  froth;  add  them  gently  to  the  semolina.  Pour  all  into  a  mold 
which  has  been  buttered;  bake  for  25  minutes  in  the  oven.  Serve  sprinkled  with 
I)owdered  sugar. 

Semolina  soup. — Throw  3^^  ounces  of  semolina  into  2^  quarts  of  boiling  soup, 
stirring  all  the  time.  Semolina  should  be  thrown  in  like  falling  rain.  Let  all 
cook  15  minutes.    Serve  with  grated  cheese. 

TJiick  semolina  soup, — Prepare  the  soup  exactly  as  above;  then  beat  up  the  yolks 
of  2  eggs  with  1  teacupful  of  cream;  add  little  by  little  to  the  warm  soap;  serve 
at  once. 

Croquettes  of  semolina. — Boil  a  quart  of  white  broth  with  salt  and  an  ounce  of 
butter;  drop  gently  about  12  ounces  of  semolina,  stirring  all  the  time;  stir  5  min- 
utes longer;  add  4  egg  yolks  and  turn  into  a  small  buttered  dish  to  cool;  divide 
in  about  a  dozen  oblong  pieces;  sprinkle  with  dry  crumbs;  dip  in  beaten  eggs  and 
roll  in  fresh  crumbs;  fry  to  a  nice  color  and  serve  on  a  folded  napkin. 

SOUPS. 

Macaroni  soup. — To  1  quart  of  stock  brought  to  a  boil  add  i  pound  boiled  maca- 
roni cut  into  fine  pieces;  season  with  salt  and  pepper  and  pour  into  a  tureen. 

Vermicelli  s  .?<p.— Bring  to  a  boiling  point  2  quarts  of  soup  stock;  add  4  ounces 
of  vennicelll  and  boil  hard  for  20  minutes;  season  with  pepper  and  salt  and  serve 
at  once. 

Macaroni  soup, — Cook  1  ounce  of  macaroni  in  boiling  water  for  20  minates: 
drain  and  cut  into  little  rings;  bring  1  quart  of  stock  to  the  boiling  point;  add  the 
macaroni  and  let  simmer  for  5  minutes;  salt  and  pepper  to  taste. 

Macaroni  a  la  Calabraise. — Take  8  ripe  tomatoes,  press  the  water  oat  and  chop 
them  fine;  melt  in  a  saucepan  2  ounces  of  butter,  with  a  chopped  onion  and  4 
ounces  of  finely  sliced  raw  ham;  fry  slightly  brown;  add  the  tomatoes,  a  clove  of 
garlic,  pepper,  and  a  bunch  of  parsley;  fry  a  little  longer;  moisten  with  half  a  pint 
each  of  Fspagnole  or  brown  sauce  (or  any  good  meat  sauce  that  may  be  more  con- 
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Yenient)  and  beef  broth;  boil  15  minutes  and  sti'ain  with  pressure  through  a  sieve; 
boil  half  a  pound  of  macaroni  in  salted  water  for  20  minutes;  drain;  put  in  a 
saucepan  with  4  ounces  of  butter  in  small  bits,  pepi)er,  and  nutmeg;  mix  well; 
put  by  layers  in  a  large  bowl  or  deep  buttered  dish,  alternating  each  layer  with 
grated  Parmesan  cheese  and  sauce,  finishing  with  cheese  and  *i  ounces  of  very  hot, 
clarified,  and  nearly  browned  butter  poured  over;  serve  with  2  quarts  of  rich 
beef  broth  sex>arately  in  a  soup  tureen. 

MACARONI  WITH   CHEESE  OR  MILK. 

Boiled  macaroni  and  cheese. — Boil  a  quarter  of  a  pound  of  nuicaroni  until  it  is 
tender,  but  not  broken;  drain  off  the  water  and  cover  the  sauceimn  to  let  it  dry; 
boil  together  1  pint  of  sweet  milk  with  half  a  pint  of  rich  cream;  cream  together 
1  teasixx>nful  of  flour  with  a  tablespoonfnl  of  butter  and  add  to  the  boiling  milk, 
stirring  constantly  until  it  thickens;  add  a  teaspoonful  of  mixed  mustard;  put  in 
a  deep  dish  alternate  layers  of  macaroni,  cheese,  and  sauce  until  the  dish  is  filled. 
Bake,  half  an  hour.  Add  salt  and  pepper  te  the  sauce  just  T)efore  removing  it 
from  the  fire. 

Baked  macaroni  icith  cheese, — Boil  6  ounces  of  macaroni  in  plenty  of  boiling 
salted  water  until  tender.  Warm  a  deep  pudding  dish  and  butter  well;  pla(  e  in 
this  a  layer  of  the  macaroni,  then  a  layer  of  cheese  grated  or  cut  into  small  bits; 
sprinkle  over  this  salt  and  pepper  and  small  pieces  of  butter;  then  add  another 
layer  of  macaroni  and  cheese,  finishing  off  with  the  cheese;  pour  over  1  cup  of 
rich  milk  or  cream  and  bake  three-quarters  of  an  hour. 

Macaroni  and  cheese  d  VAnglaise, — Take  i  pound  of  macaroni.  ^  pint  milk,  ^ 
pint  veal  or  beef  gravy,  yolks  of  2  eggs,  4  tablespoon fuls  of  cream,  1  ounce  butter, 
3  ounces  grated  Parmesan  or  Cheshire  cheese.  Boil  the  nia<*aroni  in  the  gravy 
and  milk  until  quite  tender  without  being  broken;  drain  and  place  in  a  de(»p  dish. 
Beat  the  yolks  of  2  eggs  with  the  cream  and  2  tablespoonf  uls  of  the  li(iuor  in  which 
the  macaroni  was  boiled;  make  this  sufficiently  hot  to  thicken,  but  do  not  allow  it 
to  boil;  i)our  it  over  the  macaroni,  over  which  sprinkle  tho  grated  clie^^st^  and  the 
butter  broken  into  small  pieces.  Brown  with  a  salamander  or  before  the  fire,  and 
serve.  Do  not  brown  in  the  oven,  as  the  butter  would  oil  and  so  impart  a  very 
disagreeable  flavor  to  the  dish.  Time,  one-half  to  three-fourths  hour  to  boil  mac- 
aroni, 5  minutes  to  thicken  eggs  and  cream,  5  minutes  to  brown. 

Macaroni  in  cheese  shell. — Break  macaroni  into  2-inch  lengths,  and  boil  for  at 
least  20  minutes  in  boiling  water,  well  salted;  then  cut  in  pieces  not  over  \  inch 
long.  Have  ready  a  cheese  shell,  one  which  has  had  the  cheese  thoroughly  scooped 
out.  These  shells  are  frequently  thrown  away ,  and  they  make  very  nice  rtH!(*ptac'les 
for  the  serving  of  macaroni.  Stand  the  shell  on  a  piece  of  waxed  paper,  and 
this  in  a  baking  pan.  Put  2  tablespoonfuls  of  buttar  and  2  of  flour  in  a  sauce- 
pan; mix  and  add  a  pint  of  milk;  stir  until  boiling;  add  the  cold  macaroni  and 
stir  over  the  fire  until  it  is  just  heated  through;  add  a  teaspo^)nful  of  salt  and  a 
saltspoonful  of  pepper,  and  pour  the  mixture  into  the  cheese  shell;  cover  with  a 
piece  of  greased  paper  and  run  into  the  oven  for  15  minutes.  Lift  the  shell  care, 
fully,  putting  it  into  a  dainty  round  plate,  and  send  it  to  the  table.  This  imparts 
the  most  delicate  cheese  flavor,  and  also  makes  a  sightly  dish.  If  the  shell  is 
carefully  cleaned  it  may  be  used  several  times.  If  baked  too  long,  it  will  be  soft 
and  fall  apart;  for  that  reason  the  macaroni  must  be  hot  whf^n  poured  into  the 
shell. 

Creamed  macaroni. — For  a  baking  disli  holding  .'J  pints  allow  A  pound  of  maca- 
roni. Have  your  kettle  partly  filled  with  boiling  salted  wat(*r;  throw  in  the 
macaroni  and  boil  at  least  20  minutes.  Drain  well,  and  turn  it  carefully  into  a 
baking  dish.     Put  into  a  saucex)an  8  ta!)lesiKX)nfuls  of  butter  and  3  tabh»spoonfuls 
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of  flour;  mix;  add  1^  pints  of  milk  and  stir  nntil  boiling;  add  3  tablespoonfnls 
grated  Parmesan  and  1  cnp  of  chopped  ordinary  American  chee83,  a  level  teaspooni 
of  salt,  and  a  dash  of  red  pepper.    Ponr  this  over  the  macaroni,  palling  it  apai 
so  that  the  sance  may  go  to  the  very  bottom  of  the  dish.    Cover  the  top  with 
layer  of  cheese  and  then  a  layer  of  bread  cmmbs.    Stand  in  a  qnick  oven  near  tl 
top,  so  that  it  may  brown  without  being  nndnly  cooked. 

Creamed  macaroni  on  toast. — Put  1  rounded  tablespoonful  of  batter  and  1  o( 
flour  into  a  small  saucepan;  mix  over  the  fire  until  smooth;  do  not  brown.     Ad( 
i  pint  of  cream;  stir  until  it  boils;  take  from  the  fire  and  add  salt  and  pep] 
and  4  ounces  of  boiled  macaroni,  chopped  fine.    Place  the  saucepan  over  boilin] 
water  to  reheat.    Pour  over  slices  of  buttered  toast,  dust  with  grated  cheese, 
servo  hot. 

MACARONI  WITH  TOMATOES. 

Macaroni  tcith  tomato  naace. — Boil  6  ounces  of  macaroni  in  a  saucepcm  of  boil*) 
ing  salted  water;  let  boil  20  minutes;  drain  iu  a  colander.  Have  ready  the  follow- 1 
ing  sauce:  Cook  1  quart  of  tomatoes  for  1  hour,  then  strain;  add  to  this  joice  1 
pint  of  clear  soup,  1  dessertspoonful  of  sugar,  and  x^^pper  and  salt  to  taste.  Boil 
all  together,  and  while  boiling  cream  together  2  tablespoonfnls  of  butter  and  2 
of  flour;  add  to  the  sauce  and  stir  constantly  until  it  thickens.  Serve  the  maca- 
roni on  small  plates,  very  hot,  and  pour  over  it  the  sauce  and  grated  Parmesan 
Cfioose. 

Macaroni  with  tomatoes, — Boil  and  drain  \  pound  of  macaroni;  add  \  cup  of  cream 
and  \  cup  of  butter;  pepper  and  salt.  Let  it  simmer  for  a  short  time,  bat  do  not 
let  the  macaroni  get  sticky.  Turn  into  a  vegetable  dish,  ix)ur  over  it  1  pint  of 
stewed  tomatoes,  season,  and  serve  hot. 

Tomxitoes  stuffed  with  macaroni, — Select  large,  firm  tomatoes;  cut  off  the  tops 
and  scoop  out  the  inside  pulp.  Do  not  peel.  After  sprinkling  the  inside  of  the 
tomato  shells  with  a  very  little  salt,  fill  with  cold,  boiled  macaroni,  chopped,  mix- 
ing cheese  with  the  filling.  Arrange  the  tomatoes  in  a  pudding  dish,  replace  the 
tops  after  strewing  cheese  on  the  macaroni  filling,  lay  a  cover  over  the  tomatoes, 
and  bake  half  a  i  hour. 

MACARONI  WITH  MEATS. 

Macaroni  with  clams.— Chop  15  clams  very  fine,  drain  off  all  the  liquor,  scald 
and  skim  it;  add  1  sliced  onion,  a  very  little  salt  and  pepper,  and  simmer  10  min- 
utes.  Put  in  anotlier  saucepan  1  tablespoonful  of  butter  and  1  of  flour;  when  melted 
and  bu^)bling  add  1  cup  of  rich  milk  and  stir  until  it  thickens;  stir  into  this  the 
clam  juice  and  cook  a  minute.  Fill  a  buttered  dish  with  alternate  layers  of  boiled 
macaroni  ( ^  pound)  an<l  clams,  making  the  top  layer  macaroni.  Pour  over  this 
the  sauce,  pat  a  few  bits  of  buttt^r  over  the  top,  and  brown  in  a  quick  oven.  Oys- 
ters may  be  substituted  for  the  clams. 

Macaroni  with  escalloped  chicken. — Take  equal  i)art8  of  cold  chicken,  boiled 
macaroni,  and  tomato  sauce.  Put  in  layers  in  a  shallow  dish  and  cover  with  but- 
tered crumbs.  Bake  until  brown.  Any  cold  fowl  with  the  stuffing  and  gravy- 
may  be  used  in  the  same  way. 

Macaroni  and  salmon.— PrepSLTe  the  macaroni  as  follows:  1  cup  of  macaroni, 
broken  into  about  li-inch  pieces,  is  put  into  2  quarts  of  rapidly  boiling  water  in 
which  1  tablespoonful  of  salt  has  been  dissolved,  and  is  cooked  for  at  least  20 
minutes.  It  is  then  drained  dry.  Melt  2  tablespoonfnls  of  butter  and  1  table- 
spi)onful  of  oil  from  the  salm:)n;  add  to  this  3  tablespoonfuls  of  flour,  and  cook: 
thoroughly.  Then  add  1  pint  of  milk  and  cook  the  mixture  until  of  a  creamy- 
consistency.    Arrange  the  macaroni  and  salmon,  of  which  a  1-pound  can  is  used. 
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in  layers,  pouring  a  part  of  the  sauce  each  time  over  the  salmon.  Season  with  salt 
and  a  dash  of  cayenne  pepper.  Sprinkle  buttered  bread  crumbs  over  the  top  and 
bake  until  bi  owned  on  top. 

MACARONI  WITH  NUTS. 

Macaroni  and  peanuts. — 1  cup  of  macaroni,  broken  into  about  IHnch  pieces, 
\  pound  peanuts.  1  pint  milk,  3  tablespoonfuls  flour,  3  tablesiK^onfuls  butter.  The 
macaroni  is  put  into  2  quarts  of  rapidly  boiling  water  in  which  1  tablespoonf  ul  of 
salt  has  been  dissolved,  and  is  cooked  at  least  20  minutes.  It  is  then  drained. 
The  butter  is  melted  in  a  pan,  the  flour  added,  and  thoroughly  cooked.  Then  the 
milk  is  added  and  the  mixture  cooked  until  of  a  creamy  consistency.  Salt,  pepper, 
and  the  ground  peanuts  are  next  added  to  the  cream  sauce.  Now  a  layer  of  the 
macaroni  is  put  in  a  baking  dish  and  a  layer  of  the  sauce  and  peanuts  is  poured 
on.  Then  another  layer  of  macaroni  and  then  more  cream  sauce  and  peanuts  are 
nsed  until  the  materials  are  consumed.  Buttered  crumbs  are  now  placed  on  top, 
and  the  dish  is  placed  in  the  oven  until  browned  on  top. 

TIMBAI.KS. 

Timhales  of  macaroni. — Break  in  short  lengths  \  i)ound  of  macaroni.-  Cook  for 
25  minutes  in  plenty  of  boiling  salted  water;  dress  it  with  butter  and  grated  cheese; 
then  work  into  this  2  eggs.  Butter  and  bread-crumb  a  plain  mold,  and  when  the 
macaroni  is  nearly  cold  fill  the  mold  with  it,  pressing  it  well  down  and  leaving  a 
hollow  in  the  center,  into  which  place  a  well-flavored  mince  of  meat,  i)oultry,  or 
gam?;  then  fill  the  mold  with  more  macaroni,  pressed  well  down.  Bake  in  a 
moderate  oven  20  minutes;  turn  out  and  serve. 

Macaroni  timbale. — Boil  macaroni  as  usual  and  then  cut  it  into  strips  not  over 
i  inch  in  length.  Line  a  melon  mold  with  these  little  pieces,  putting  the  cut  side 
next  to  the  mold.  The  mold  must  first  be  buttered  liberally  and  then  dusted  with 
brea^l  crumbs.  This  will  hold  the  pieces  as  they  are  placed.  To  1  pint  of  meat 
add  \  cup  of  soft  bread  crumbs,  2  whole  eggs  slightly  beaten,  a  teaspoonful  of 
salt,  a  saltspoonful  of  pepper,  and  a  tablespoonful  of  grated  onion.  Pack  this 
carefully  into  the  mold;  cover  and  steam  for  1  hour.  Turn  out  carefully,  first 
loosening  the  timbale,  and  pour  around  either  a  cream  sauce,  bechamel  sauce,  or 
tomato  sauce.  If  this  dish  is  carefully  made,  with  the  mold  carefully  lined,  it  is 
most  appetizing  and  sightly. 

Timbale  of  macaroni  with  cheese. — Mix  1  pint  of  finely  chopx)ed  white  meat 
of  chicken  with  \  cup  of  choppeil  ham;  add  3  tablespoonfuls  of  grated  cheese,  a 
level  teaspoonful  of  salt,  and  a  dash  of  pepper.  Beat  the  yolks  of  5  eggs  with  the 
whites  of  2  eggs;  add  ^  pint  of  good  cream;  add  this  to  the  meat,  and  heat  care- 
fnlly,  stirring  constantly.  Then  mix  ^  pound  of  boiled  macaroni  that  has  been 
(lit  into  small  lengths;  turn  at  once  into  a  mold  and  steam  1  hour.  This  may  be 
«*r\'ed  with  either  tomato  or  cream  sauce. 

(CROQUETTES. 

Macaroni  croquettes. — Boil  A  i)Ound  of  macaroni  in  salted  boiling  water  20  min- 
utes and  drain.  Butter  timbale  molds  and  line  with  macaroni,  reserving  3  long 
sticks,  and  chop  the  remainder  fine;  mix  with  i  saltspoon  of  salt,  a  dash  of  white 
P^'pper,  a  few  drops  of  onion  juice,  a  teaspoonful  of  chopped  parsley,  and  4  hard- 
boiled  eggs  chopped  very  fine.  Make  a  cream  sauce  with  a  tablespoonful  of  butter 
and  1  of  flour,  creamed  together  with  i  pint  of  boiling  milk.  Boil  3  minutes  and 
add  the  macaroni  mixture;  fill  the  molds,  cut  the  sticks  you  have  reserved,  place 
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4  acro88  the  top  of  each  mold,  and  bake  in  a  pan  of  hot  water  80  minntes  in  a  hot 
oven;  turn  ont  and  serve  with  tomato  sance. 

Croqxiettes  of  macaroni. — Boil  in  a  saucepan  4  ounces  of  macaroni  in  salted 
water  80  minutes;  then  drain  on  a  sieve;  return  the  macaroni  to  saucepan,  add  \ 
tablespoonful  butter,  4  tablespoonfnls  grated  cheese,  and  2  ounces  of  finely  cut 
ham  or  beef  tongue;  mix  all  together.  Then  spread  the  preparation  in  a  shallow 
buttered  pan,  cover  with  buttered  paper,  put  a  light  weight  on  top  and  set  aside 
to  cool;  30  minutes  before  serving  form  the  mixture  into  cork-shaped  croquettes, 
dip  into  beaten  egg,  and  roll  in  freshly  grated  bread  crumbs;  fry  in  hot  fat  to  a 
delicate  brown.  Lay  for  a  few  minutes  on  paper,  then  dress  on  a  hot  dish;  gar- 
nish with  fried  parsley,  and  serve  with  tomato  sauce.  Croquettes  of  sx>aghetii 
and  noodles  are  prepared  in  the  same  way. 

CJAUNITITRKS. 

Macaroni  (\  la  M  lanaine, — Break  8  ounces  of  small  macaroni  into  short  pieces, 
cook  them  in  water,  and  drain;  put  them  in  a  saucepan  with  pepper  and  a  little 
nutmeg,  2  cups  of  good  gravy  and  3  or  4  tablespoonfnls  of  tomato  sauce;  add  2 
ounces  of  minced  haui  and  some  mushrooms  (truffles  if  desired).  Let  simmer  an 
instant,  then  mix  with  them  at  the  last  2^  ounces  of  butter  and  a  cupful  of  grate«] 
Parmesan  cheese.    This  is  used  to  garnish  roasts. 

SPAGHETTI. 

Spaghetti  wit  ft  aSwIss  cheese. — Break  ^  pound  of  spaghetti  into  bits  not  more 
than  14  inches  in  length,  and  boil  in  slightly  salted  water  for  20  minutes.  Turn 
into  a  hot  colander  and  set  at  the  side  of  the  range  to  drain.  Grate  enough  Swiss 
cheese  to  make  a  generous  half  cupful  and  turn  into  a  saucepan  with  3  table- 
spoonfuls  of  melted  butter.  Stir  well;  add  the  hot  spaghetti;  toss  and  stir  for  a 
minute,  or  just  long  enough  to  melt  the  cheese;  add  a  dash  of  paprika,  and  serve 
in  a  hot  dish. 

Tomato  and  sjKiyhetti  dVItalienne. — Break  ^  pound  of  spaghetti  into  pieces; 
put  it  with  2  quarts  of  boiling  water  over  the  fire;  add  4  tablespoonful  salt,  and 
boil  25  to  30  minutes.  Melt  1  ounce  butter  in  a  saucepan;  add  1  finely  chopped  onion 
and  i  finely  chopx)ed  green  pepper  without  the  seeds;  cook  6  minutes;  add  \  can 
tomatoes,  \  cupful  finely  chopped  mushrooms,  1  teaspoonful  salt,  1  teaspoonfnl 
sugar,  i  teaspoonful  pepper;  cook  20  minutes.  When  the  spaghetti  is  done,  drain 
in  a  colander;  grate  4  ounces  Parmesan  cheese  (or  4  ounces  American  cheese); 
put  the  spaghetti  in  alternate  layers  in  a  dish  with  the  tomatoes  and  grated 
cheese.  (The  che(»se  may  be  omitted  if  objected  to.)  Place  the  dish  a  few  min- 
utes in  the  oven,  and  serve.     Macaroni  can  be  prejmred  in  the  same  way. 

Spaghetti  d  V Allemande. — Boil  A  pound  of  spaghetti  in  salted  water,  as  in  the 
foregoing  recipe.  Place  at  the  same  time  a  saucepan  with  2  ounces  butter  over 
the  fire;  add  \  cupful  finely  chopped  onions;  cook  5  minutes  without  browniing: 
add  1  can  of  tomatoes,  1  te.ispoonful  salt,  \  even  teaspoonful  pepper,  1  table- 
spoonful sugar;  cook  15  minutes;  press  the  tomatoes  through  a  wire  sieve;  mix 
the  yolks  of  2  eggs  with  1  tablespoonful  cold  water  and  add  them  to  the  tomatoes: 
stir  a  few  minutes  over  the  fire  without  boiling  (if  handy,  add  \  cupful  whipped 
cream).  Drain  the  spaghetti  in  a  sieve,  put  it  in  a  hot  dish,  in  alternate  layers 
with  the  tomatoes;  then  serve.  Another  way  is  to  cover  the  top  of  the  dish  with 
grated  cheese  and  then  bake  a  few  minutes  in  a  hot  oven. 

Baked  spaghetti. — Boil  12  ounces  of  spaghetti  in  salted  water  with  a  little 
butter;  drain;  put  in  a  siucepan  with  salt,  i)ei)per,  nutmeg,  a  pint  of  l)echamel 
sauce,  6  ounces  of  butt(*r  in  small  bits,  and  0  ounces  of  grated  Parmesan  cheese: 
stir  and  toss  briskly  until  stringy;  turn  into  a  buttered  baking  dish  and  give  it  a 
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dome  form;  sprinkle  more  cheese  and  bread  cmmbs  over;  add  small  bita  of  batter, 
and  bake  light  brown  in  a  brisk  oven. 

SALADS. 

Macaroni  salad, — Clean  two  bleached  heads  of  endive  (chicory);  dress  them 
lightly  with  plain  French  dressing  and  heap  them  in  the  center  of  an  oval  dish. 
Have  ready  boiling  \  pound  of  mushrooms.  These  may  either  be  boiled  in  salted 
water  with  an  addition  of  6  whole  peppers  or  boiled  in  stock  with  the  addition  of 
peppers.  Brain  the  macaroni  perfectly  dry  and  cut  it  into  inch  lengths.  Mix 
thoroughly  with  a  well-made  mayonnaise  dressing;  put  this  around  the  mound 
of  endive,  garnish  with  hard-boiled  eggs  cut  into  slices,  alternated  with  slices  of 
raw  tomato,  and  dotted  here  and  there  with  little  bits  of  cold  boiled  ham. 

DESSERTS. 

Indian  macaroni. — Place  \  pound  of  boiled  macaroni  in  a  pint  of  milk  and  let  it 
oome  to  a  boil;  add  sugar  to  taste  and  a  teaspoonful  of  prepared  cocoanut.  When 
this  is  slightly  cool,  pour  into  a  glass  dish  and  garnish  with  fried  pistachio  nuts  and 
blanched  and  fried  sultana  raisins,  seeded.  Over  the  top  sprinkle  a  few  pistachio 
nuts  chopped  fine. 

Macaroni  and  pineapple* — One  pint  clear  lemon  jelly,  i  tin  preserved  pineapple, 
\  pound  loaf  sugar,  6  ounces  macaroni,  i  pint  custard,  milk,  and  cochineal.  Wet 
a  border  mold  and  pour  in  sufficient  jelly  to  coat  it.  In  this  lay  the  **  pine ''  cut 
into  dice,  after  draining  it  from  the  sirup,  color  the  remainder  of  the  jelly  with  a 
few  drops  of  cochineal,  and  fill  up  the  mold.  Boil  the  macaroni  in  milk  until 
tender,  and  sweeten  it  with  the  sugar.  When  the  jelly  is  set  and  the  macaroni 
cold,  turn  out  the  former  and  fill  with  the  latter,  pour  over  a  boiled  custard 
flavored  with  bay  laurel  leaves,  lemon  rind,  or  vanilla,  and  serve. 

Macaroni  pudding, — Four  ounces  of  macaroni,  \\  pints  of  milk,  «3  eggs,  2  table- 
spoonfuls  of  brown  sugar.  Boil  the  macaroni  until  tender  in  a  pint  of  milk,  then 
put  it  in  a  buttered  pie  dish,  add  the  sugar,  the  remainder  of  the  milk,  and  the 
«ggs,  well  beaten.    Bake  one-half  hour. 

Macaroni  pudding,  noeet. — Take  2i  ounces  of  macaroni,  2  pints  of  milk,  rind 
of  half  a  lemon,  3  eggs,  sugar  and  nutmeg  to  taste.  Put  the  macaroni  with  a 
pint  of  the  milk  into  a  saucepan  with  the  lemon  peel  and  let  it  simmer  gently 
until  tender;  then  put  it  into  a  pie  dish  without  the  peel,  mix  the  other  pint  of 
milk  with  the  eggs,  stir  these  well  together,  adding  the  sugar,  and  pour  the  mix- 
ture over  the  macaroni  which  has  been  drained.  Grate  a  little  nutmeg  over  the 
top  and  bake  in  a  moderate  oven  for  half  an  hour.  To  make  this  pudding  look 
nice  a  paste  should  be  laid  around  the  edge  of  the  dish,  and  for  variety  a  layer  of 
preserve  or  marmalade  may  be  placed  on  the  macaroni.  It  will  be  found  desirable 
to  boil  the  macaroni  in  salted  water  about  15  minutes  before  boiling  it  in  the  milk. 

Semoide  cake, — Put  in  a  saucex)an  a  pound  and  a  half  of  semolina,  with  8  pints 
of  boiled  mOk,  6  ounces  of  sugar,  3  ounces  of  butter,  and  the  rind  of  a  lemon  tied 
up;  set  to  boil,  stir,  then  cover,  and  let  simmer  40  minutes;  take  off  the  fire, 
remove  the  lemon,  add  3  well-beaten  eggs,  4  egg  yolks,  and  2  more  ounces  of  but- 
ter, and  mix  well;  butter  a  plain  charlotte  mold;  besprinkle  with  fresh  bread 
cmmbs  and  small  bits  of  butter  on  top;  place  on  a  baking  sheet  and  cook  in  a 
fairly  hot  oven  for  about  30  minutes;  pass  a  knife  between  the  cake  and  the  sides, 
invert  on  a  dish,  take  off  the  mold,  and  serve  with  a  nauce  bowl  of  lemon  sauce. 
For  the  lemon  sauce,  put  in  a  saucepan  4  egg  yolks,  4  ounces  of  sugar,  an  ounce  of 
cornstarch,  and  the  rind  of  a  lemon  chopped  fine;  mix  well,  dilute  with  a  pint  of 
lulling  milk,  put  on  the  fire,  stir  briskly  with  an  egg  beater  until  the  sauce 
thickens,  and  serve. 
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Vermicelli  cake  d  la  vanille. — ^Boil  8  pints  of  cream  with  4  onnces  of  en^^ar;  pat 
in  12  onnces  of  large  yermicelU,  stir  to  a  boil,  add  a  vanilla  bean,  cover,  and  cook 
very  slowly  for  half  an  honr;  take  off  the  fire,  remove  the  vanilla,  and  mix  with 
4  beaten  eggs  and  4  onnces  of  butter;  bntter  and  bread-cmmb  a  plain  charlotte 
mold  in  this  way:  Boll  beaten  eggs  all  over  the  inside,  drain  the  eggs,  and  bread- 
crumb; fill  the  mold,  sprinkle  more  crumbs  over,  add  small  bits  of  butter,  and 
bake  in  a  moderate  oven  for  40  minutes;  turn  on  a  dish,  and  let  stand  a  while 
with  the  mold  on;  then  remove  it;  sprinkle  with  powdered  sugar,  i>our  a  vanilla 
sauce  around,  and  serve  with  more  sauce  in  a  sauce  bowL 

SPECIAL  ITALIAN  RECIPES. 

Raveola. — Take  3  pounds  of  beef,  cover  with  cold  water;  add  to  iMa  1  tiay  leaf, 
6  whole  cloves,  1  minced  onion,  and  1  pint  of  tomatoes;  simmer  tilltiie  meat  is 
very  tender;  remove  the  meat,  and  strain  the  sauce.  Have  ready  half  a  can  of 
button  mushrooms,  sliced;  place  these  in  a  bowl  with  2  sliced  garlic  corns,  mix 
well  together,  cover,  and  allow  to  remain  for  an  hour.  Boil  i  x>ound  of  macaroni 
in  plenty  of  boiling  salted  water  20  minutes  and  drain.  Carefully  x>our  over  the 
bottom  of  a  platter  1  tablespoonful  of  olive  oil  and  place  on  this  the  macaroni; 
pour  over  this  2  tablesiK)onfuls  of  olive  oil;  heat  the  sauce  to  boiling  point  and  add 
the  mushrooms  and  garlic;  pour  over  the  macaroni  and  mix  thoroughly;  sprinkle 
with  grated  Parmesan  cheese.  Garnish  the  dish  with  fried  spring  chicken,  string 
beans,  or  green  corn  cut  from  the  cob.     This  is  said  to  be  the  national  dish  of  Italy. 

Italian  rruicaroni^  baked. — Place  2  pounds  of  beef,  well  larded  with  strips  of  salt 
pork,  and  1  or  2  chopped  onions  in  a  covered  kettle  on  the  back  of  the  stove  until 
it  throws  out  its  juice  and  is  a  rich  brown;  then  add  1  quart  of  tomatoes  seasoned 
with  pepper  and  salt,  and  allow  the  mixture  to  sinuner  for  2  or  3  hours.  Take  the 
quantity  of  macaroni  desired  and  boil  in  plenty  of  boiling  salted  water  for  20  min- 
utes and  drain.  Place  a  layer  of  the  macaroni  in  the  bottom  of  a  buttered  pudding 
dish,  cover  with  some  of  the  above  sauce,  sprinkle  well  with  grated  cheese,  and 
continue  to  fill  up  the  dish  with  alternate  layers  of  macaroni,  sauce,  and  cheese, 
having  a  layer  of  cheese  on  the  top.  Place  in  the  oven  and  bake  a  rich  brown. 
Commence  early  in  the  morning  to  prepare  this  dish,  as  th^  meat  must  cook  slowly 
in  order  to  have  a  rich  sauce. 

Macaroni  d.  Vital ienne.-^Peel  and  cut  into  small  pieces  12  large  tomatoes,  put 
into  a  soup  kettle  with  3  x)ounds  of  soup  meat,  and  allow  to  simmer  gently  for  1 
hour  (care  must  bo  taken  to  prevent  scorching) .  Throw  i  pound  of  macaroni  into 
boiling  salted  water  and  boil  20  minutes;  drain;  add  the  macaroni  to  the  stock  in 
which  the  meat  was  boiled,  and  cook  10  minutes;  take  out  the  macaroni  and 
drain;  add  to  the  strained  stock  2  cloves  of  garlic  mashed,  2  bay  leaves;  simmer  5 
minutes,  add  the  macaroni,  and  stir  until  thoroughly  se^tsoned  and  perfectly  ten- 
der; then  add  i  cup  of  cream  and  nerve  with  grated  Parmesan  cheese  in  a  separate 
dish. 

Macaroni  a  la  Napolitaine, — Break  ^  xx>und  of  macaroni  and  throw  into  rapidly 
boiling  salted  water;  boil  rapidly  for  10  minutes,  strain,,  and  put  into  a  saucepan; 
cover  with  good  beef  or  (thicken  stock,  and  boil  for  30  minutes.  By  this  time 
the  stock  will  be  nearly  absorbed.  Strain  the  macaroni  and  place  it  where  it  wiU 
keej)  warm.  Add  to  the  stock  2  tablespoonfuls  of  thick  tomato  sauce;  mix  until 
smooth;  add  a  (■.hopi)ed  sweet  red  pepper,  half  a  cup  of  toasted  pinolas,  a  teaspoon- 
f ul  of  salt,  and  a  pinch  of  white  pepper;  boil  for  3  minutes;  then  add  the  macaroni. 
cover  in  a  double  boiler,  and  stand  over  the  fire  for  15  minutes,  until  the  n[iacaroni 
is  nicely  seasoned.  Just  at  serving  time  add  a  cup  of  very  thick  cream  or  2  table- 
spoonfuls  of  sweet  butter.  Turn  out  on  a  j^latter  and  serve  with  it,  in  a  separate 
dish,  grated  Parmesan  cheese. 
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Macaroni  souffle, — Into  1  cap  of  cream  sauce  seasoned  with  minced  parsley  and 
onion  jnice  stir  1  cup  of  chopped,  boiled  macaroni;  when  hot  add  the  beaten  yolk 
of  2  eggs,  cook  1  minute,  and  set  away  to  cool.  When  cold  stir  in  the  beaten 
whites  of  the  2  eggs,  beaten  very  stiff;  cover  with  grated  cheese  or  crumbs,  and 
bake  in  a  buttered  dish  20  minutes.    Serve  with  mushroom  sauce. 

Macaroni  with  celery. — Break  i  i)ound  of  macaroni  into  small  pieces,  put  it  into 
2  quarts  of  rapidly  boiling  salted  water,  and  boil  for  20  minutes.  Drain  in  colander. 
Cat  up  enough  celery  to  make  a  large  cupful;  stew  until  tender  in  just  enough 
water  to  cover.  Butter  a  baking  dish,  pour  in  half  of  the  prepared  macaroni,  then 
half  of  the  celery,  and  sprinkle  with  a  saltsiK)on  of  salt;  put  in  the  balance  of  the 
macaroni  and  celery  and  repeat  the  salt;  cover  with  buttered  bread  crumbs; 
sprinkle  a  teaspoonful  of  grated  cheese  over  this,  and  pour  over  all  the  water 
in  which  the  celery  was  boiled.     Bake  in  a  moderate  oven  20  minutes. 

Macaroni  d  la  nntional, — Break  i  pound  of  niacaroni  into  3-inch  pieces  and  boil 
nntil  tender  in  well-salted  water  and  drain  in  a  colander.  Pour  into  a  shallow 
baking  dish  and  cover  with  the  following  sauce:  Put  2  tablespoonfuls  of  butter  in 
a  granite  saucepan  and  stir  until  it  melts,  being  careful  not  to  brown  it;  add  to 
this  1  tablespoonful  of  Hour  and  stir  until  thoroughly  mixed;  bring  H  cups  of 
milk  to  the  boiling  point  and  add  to  the  flour  and  butter;  stir  all  thoroughly  until 
it  thickens  and  becomes  smooth;  pepper  and  salt  to  taste.  Mix  f  of  a  cup  of  fine 
cracker  crumbs  with  \  cup  of  grated  cheese,  ^  cup  of  melted  butter,  and  sprinkle 
over  the  top.    Bake  until  brown  and  serve  hot. 

Deinled  macaroni. — Boil  6  ounces  of  macaroni,  and  chop  rather  fine.  Put  2 
tablespoonfulfl  of  butter  and  2  of  flour  in  a  saucepan,  mix  well,  and  add  a  pint  of 
milk;  stir  u::til  boiling.  Then  add,  pressed  through  a  sieve,  the  hard-boiled  yolks 
of  3  eggs  and  the  whites  of  the  eggs  pressed  through  a  vegetable  press;  add  a 
tablespoonful  of  chopped  parsley,  a  level  saltspoon  of  red  pepper,  one  chopped 
sweet  Spanish  pepper,  a  grating  of  nutmeg,  a  teasxK)onful  of  grated  onion,  and  the 
macaroni.  Put  this  into  individual  shells  or  cases,  cover  the  top  with  bread 
cmmbs  that  have  been  moistened  with  melted  butter,  and  brown  in  a  quick  oven. 
In  serving  put  a  teaspoonful  of  tomato  catsup  or  chili  sauce  in  the  center  of  each 
dish. 

Macaroni  with  eggs. — ^Take  i  pound  of  macaroni  that  has  been  boiled  in  a  but- 
tered dish;  season  with  salt,  i)epi)er,  and  butter;  grate  over  it  an  ounce  of  cheese; 
stir  2  eggs  in  a  cup  of  milk  and  pour  over  it.  Cover  with  bread  crumbs  and  bake 
20  minutes,  or  until  brown. 

Fried  macaroni. — Take  6  ounces  of  macaroni;  boil  until  tender.  Take  an  onion 
and  3  tablespoons  of  chopped  ham;  fry  brown;  then  add  the  macaroni,  1  teacup 
of  tomato  juice,  and  salt  to  taste;  cover  top  with  grated  cheese  and  bake  until 
brown. 

Macaroni  au  gratin.— Melt  1  tablespoonful  of  butter  without  browning;  add  1 
tablespoonful  of  flour;  mix  until  smooth;  add  1  cup  of  cream  and  stir 'until  it 
thickens;  season  with  salt  and  x)epper.  Just  as  you  take  it  from  the  flre  stir  in 
quickly  the  yolk  of  1  egg.  Do  not  let  the  sauce  stand  on  the  fire  after  the  egg  has 
been  added  or  it  will  curdle.  Boil  8  ounces  of  macaroni  in  plenty  of  salted  boil- 
ing water;  drain;  melt  4  ounces  of  cheese  with  2  tablespoonfuls  of  butter.  Grease 
a  baking  dish  and  fill  with  alternate  layers  of  macaroni  and  sauce.  Pour  the 
melted  butter  and  cheese  over  the  top  that  it  may  penetrate  the  whole  dish. 
Cover  with  bread  crumbs  and  brown  in  a  quick  oven. 

Macaroni  with  brown  sauce. — Melt  2  tablespoonfuls  of  butter;  add  2  tablespoon- 
fuls of  flour  and  mix  until  smooth  and  brown.    Then  add  1  pint  from  the  stock 
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of  water  in  which  i  pound  of  macaroni  was  boiled;  stir  until  it  thickens;  add  the 
macaroni  and  1  tablespoonfnl  of  tomato  catsnp;  stir  nntil  heated  through;  season 
and  serve. 

Macaroni  and  mushrooms. — Cover  the  bottom  of  a  baking  dish  with  abont  a 
tablespoonful  of  melted  batter;  then  pnt  over  a  layer  of  macaroni  that  has  been 
boiled  15  minutes,  and  sprinkle  lightly  with  salt  and  x)epper,  and  dot  here  and 
there  with  bits  of  butter.  Now  put  over  a  thick  layer  of  washed  mushrooms  cut 
into  slices,  then  a  layer  of  macaroni,  and  so  continue  until  the  dish  is  full,  having 
the  last  layer  macaroni.  Pour  over  1  pint  of  cream.  Cover  with  a  lid  or  another 
pan.  and  bake  in  a  moderate  oven  1  hour;  then  remove  the  cover  and  brown 
quickly. 

Macaroni  and  onion  fritters, — Cut  2  ounces  of  boiled  noacaroni  into  small  pieces; 
add  4  onions  boiled  and  chopped,  6  ounces  bread  crumbs  moistened  with  a  little 
water,  and  3  eggs  well  beaten;  season  with  pepx)er  and  salt;  fry  and  serve  with 
brown  sauce. 

Macaroni  rarebit, — Put  into  a  chafing  dish  2  cups  of  boiled  macaroni  cut  into 
2-inch  pieces,  1  cup  of  grated  cheese,  2  tablesjioonfuls  of  butter,  ^  teaspoonful  each 
of  salt,  mustard,  and  red  pepper;  when  boiling  add  3  eggs  well  beaten  with  i  cup- 
ful of  cream  or  milk.    Serve  hot  on  toast. 

Spani^sh  inacaroni. — Boil  separately  in  salted  water  or  milk  4  turnips  and  \ 
})ound  of  macaroni  until  tender.  Put  the  macaroni  in  a  baking  dish,  baste  over 
with  butter,  and  pour  over  it  the  following  (mixed)  ingredients:  Mashed  turnip, 
minced  red  pepper,  minced  2  onions,  minced  I  pound  of  ham,  using  mUk  to  thin 
it  to  the  consistency  of  a  heavy  batter;  over  the  top  grate  cheese  plentifully,  and 
bake. 

Stewed  macaroni, — Put  4  ounces  of  good  macaroni  as  little  broken  as  possible  into 
a  large  saucepan  of  boiling  water;  boil  5  minutes  and  drain;  then  cover  with  1  pint 
of  beef  stock;  add  \  teaspoonful  of  salt  and  a  saltspoonful  of  pepper.  Push  the 
saucepan  away  on  the  comer  of  the  fire  where  the  macaroni  wiUsunmer  until  ten- 
der— it  must  not  be  soft  or  flabby;  toes  it  now  and  then  with  a  fork  to  prevent  stick- 
ing. When  the  stock  has  been  entirely  absorbed  add  i  teaspoonful  of  beef  extract 
that  has  been  moistened  in  a  little  water  and  to  which  has  been  added  a  table- 
Hpoonf nl  of  browned  flour.  Toss  this  for  a  few  moments  over  the  fire,  add  \  cup 
of  good  cream,  and  turn  on  to  a  heated  shallow  dish.  Pour  over  a  tomato  sauce 
made  by  rubbing  together  1  tablespoonful  of  butter  and  1  of  flour,  to  which  has 
been  added  \  pint  of  strained  tomato;  stir  until  boiling;  add  i  teaspoonful  of  salt 
and  a  dash  of  pepper.    Pass  with  this  grated  Parmesan  cheese  or  sap  sago. 

Macaroni  tvith  com.— Boil  1  cup  of  macaroni  which  has  been  broken  into  inch 
lengths  in  boiling  salted  water  until  tender.  Drain  and  add  to  it  1  cup  of  com 
cut  from  the  cob  (or  1  cup  of  canned  com) ,  a  little  salt,  two  tablespoonfuls  of 
zwieola, » 1  egg  well  beaten,  and  1  ^  cups  of  nut  milk.  Mix  thoroughly  and  bake  in 
a  granite  pudding  dish. 

Macaroni  piquante. — Break  spaghetti  into  very  small  bits  less  than  an  inch  in 
length;  boil  these  for  20  minutes,  or  until  tender,  in  salted  water.  Drain  and 
keep  hot  while  the  following  sauce  is  made:  Cook  together  in  a  saucepan  a  heap- 
ing teaspoonful  each  of  butter  and  browned  flour,  and  when  these  are  blended 
to  a  reddish  brown  pour  upon  them  a  pint  of  beef  stock  and  stir  until  smooth; 
now  add  4  tablespoonfuls  of  tomato  catsup,  6  drops  of  Tabasco  sauce,  a  teaspoon- 
ful of  kitchen  bouquet,  a  pinch  of  salt,  and  a  dash  of  x)apnka.  Turn  the  boiled 
spaghetti  into  this  sauce,  stir  all  together,  and  pour  the  mixture  into  a  greased 
pudding  dish.  Sprinkle  buttered  crumbs  and  grated  cheese  over  the  top  and  bake 
until  brown. 


a  A  kind  of  cracker  crumbed.    Bread  crumbs  may  be  substituted. 


DTTBITM    WHEAT    FOR    BREAD.  '  31 

Macaroni  rissoles. — Have  ready  a  cnpful  of  cold,  boiled  macaroni  cut  up  small. 
Make  a  white  sauce  by  cooking  together  a  tablespoonf ul  of  butter  and  two  of 
flour  and  stirring  int)  them  a  cupful  of  hot  milk.  Stir  until  thick,  add  a  large 
tablespoonful  of  grated  cheese,  and,  gradually,  the  whippe<l  yolks  of  4  eggs,  beat- 
ing all  the  time.  Work  the  macaroni  into  the  sauce  and  set  aside  until  the  mix- 
ture is  very  cold.  With  floured  hands  form  into  small  balls — not  quite  as  large 
in  circumference  as  a  silver  dollar — roll  in  beaten  egg.  then  in  fine  cracker 
crumbs,  and  set  in  the  ice  box  for  2  hours.  Fry  in  deep-boiling  cottolene  or  other 
felt.    Serve  with  tomato  sauce. 

DX7KTJM  WHEAT  FOB  BBEAB. 

For  some  time  the  writers  have  l)een  convinced  that  a  good  bread 
can  be  made  from  durum  wheat,  and  it  has  been  known  to  one  of  them 
since  1808  that  the  best  and  most  popular  bread  in  France  and  Russia 
is  made  from  this  wheat.  It  was  thought  best,  however,  not  to  urge 
the  use  of  the  wheat  for  such  a  purpose  in  this  country  until  people 
had  become  more  familiar  with  it  and  until  a  fair  market  had  already 
been  established  for  its  use  in  the  production  of  macanmi  and  other 
products.  In  the  season  of  11)02  for  tlie  first  time  a  comparatively 
large  amount  of  durum  wheat  was  harvested,  somewhere  near  2,000,000 
bushels,  which  naturally  resulted  in  trials  of  the  wheat  for  other 
purposes  than  making  macaroni.  Through  the  efforts  of  a  number  of 
flour  mills  mjiny  families  were  induced  to  use  the  wheat  for  bread 
I  over  considerable  areas  in  North  and  South  Dakota,  and  finally  dur- 
I  ing  the  winter  of  1902  in  a  number  of  localities  in  those  States  private 
bakings  were  made  almost  solely  from  the  durum  wheat,  and  that,  top, 
in  face  of  the  fact  that  in  these  very  localities  the  best  quality  of  ordi- 
nary hard  spring  wheat  is  grown  and  the  peoi)le  had  abundant  oppor- 
tunity to  obtain  bread  of  the  same  class  as  that  produced  from  Min- 
I  neapolis  flour.  In  at  least  one  town  of  North  Dakota  practically  the 
I  entire  population  used  the  durum- wheat  flour  for  bread  and  continued 
afterwards  to  do  so,  even  though  such  flour  occasionally  sold  at  a 
higher  price  than  that  made  from  the  hard  spring  wheat. 

PRIVATE   EXPERIMENTS. 

In  addition  to  these  family  bakings,  experiments  with  this  wheat  for 
bread  were  made  by  a  number  of  private  institutions.  Among  those 
experiments  were  those  made  by  a  baking  comi)any  in  Cleveland,  Ohio, 
in  which  case  the  flour  was  obtained  from  a  North  Dakota  mill.  From 
a  letter  from  this  mill,  dated  IMarch  1  (>,  1 003,  the  following  words  are 
quoted: 

We  presume  yon  are  collecting  more  or  less  information  from  varions  sonrces 
in  regard  to  the  bread-making  qualities  of  macaroni  flour.  To  that  end  we  will 
contribute  the  contents  of  a  letter  which  we  received  from  our  flour  commission 

merchant  of  Cleveland,  Ohio.    The  letter  reads  as  follows:  **The Company 

condemned  the  macaroni  flour  for  bread  purposes  on  first  trial.     Upon  our  recom- 
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mendation  they  began  to  experiment,  and  with  great  sncoess,  and  they  are  mon 
than  pleased  with  the  resnlts.  Will  have  meeting  with  head  baker  and  report.* 
Our  commission  merchant  had  sold  a  carload  of  floor  to  this  Cleveland  company 
Twenty-five  barrels  of  the  shipment  were  macaroni  straight  flour.  If  yon  wonlc 
take  the  matter  up  direct  with  the  company,  I  have  no  doubt  they  will  ^ve  yot 
a  full  and  complete  report  on  their  experiments. 

Later  on,  the  following  tastimonial  came  from  the  commission  nier 
chant  referred  to  abo^^e : 

Through  your  courtesy  nearly  a  year  ago  we  secured  the  agency  for  macaron 
flour  from  one  of  the  mills  that  you  were  kind  enough  to  hand  me  the  address  of 
We  thank  you  for  the  same.  This  flour  we  sold  to  macaroni  manufacturers  witl 
one  exception;  this  was  sold  to  a  large  bakery.  We  desire  to  say  that  it  was  vers 
satisfactory  in  every  instance;  the  bread  was  very  rich  and  of  a  fine  flavor,  and  foi 
family  use  we  have  never  found  any  flour  to  equal  it  as  far  as  flavor  and  richnesi 
are  concerned.  We  have  sold  to  some  of  the  large  bakeries  here  this  season  foi 
further  experiments.  If  you  so  desire,  we  will  hand  you  further  results  when  thej 
are  completed. 

Afterwards  more  definite  information  was  obtained  concerning  the 
actual  baking  trials  of  the  Cleveland  bakery  in  the  following  wordfi, 
which  are  quoted  from  another  letter  of  later  date : 

We  have  your  favor  of  October  5,  same  being  carefully  noted,  and  thank  yot 

for  the  information.     Will  further  state  that  we  sold  the Company  the  maca 

roni  flour.  Their  head  baker  learned  his  trade  in  Egypt;  afterwards  he  became  a 
soldier,  following  up  the  baking,  and  when  near  the  Black  Sea  he  had  experienc€ 
with  a  flour  very  similar,  so  it  was  not  new  to  him.  He  first  baked  it  separate, 
then  blended  it  with  No.  1  Northern.  The  first  test  did  not  give  expansion  enough 
the  second  was  fine.  His  words,  in  short,  are:  *'Avery  rich  and  fine-flavored 
loaf." 

Now,  they  did  not  make  a  scientific  test,  as  they  were  building  and  generallj 
mixed  up,  which  was  no  doubt  the  reason  you  have  not  heard  from  your  lasl 
communication.  The  management  has  changed  hands,  and  the  present  compan) 
does  not  know  much  about  it.  Wlien  they  receive  their  macaroni  patent  they 
expect  to  give  it  a  thorough  test.    Will  then  advise  you  further. 

Our  last  season's  sales  of  macaroni  fiour  and  semolina  amounted  to  about  3,40<] 
barrels,  all  local  trade.  We  have  to-day  submitted  an  offer  to  our  mill  for  4,00C 
barrels  from  one  concern,  and  more  to  follow. 

It  is  a  Hignificant  fact  mentioned  in  this  last  letter  that  the  head 
baker  had  learned  his  trade  in  Egypt  and  afterwards  practiced  his 
trade  in  the  region  of  the  Black  Sea,  since  a  large  amount  of  durum 
wheat  is  grown  in  those  districts,  and  he  had  tlierefore  become  familial 
with  the  use  of  that  wheat  for  bread  and  knew  just  how  to  handle  it 

During  the  winter  of  1902-3  a  number  of  thorough  tests  of  durum 
wheat  for  flour  in  comparison  with  oi-dinary  wheat  were  made  by 
several  commercial  wheat  and  flour  testing  laboratories  in  some  ot 
the  large  cities.  Tabulated  results  of  one  of  these  tests  made  by  a 
well-known  laboratory  are  here  reproduced.  In  these  tests  both 
chemical  analyses  of  the  wheat  and  baking  tests  of  the  flour  of  three 
varieties  of  durum  wheat  were  made  in  comparison  with  an  average 
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northwestern  spring  wheat.  The  samples  were  ground  in  a  small 
experimental  mill,  and  straight  flour  was  used  in  the  baking  tests  in 
all  eases.  These  results  are  given  in  the  first  table.  For  further  com- 
parison another  table  is  added  in  which  tests  of  a  number  of  other 
flours,  including  the  standard  patents,  Ceresota,  Gold  Medal,  and 
Pills])ury's  Best,  are  shown  by  the  side  of  those  obtained  with  the 
three  durum  wheats. 

Tablr  .2. — TeM  of  dnnim  wheat  and  flour,  made  in  a  commercial  laboratory, 

CHEMICAL  ANALYSES  OP  THE  WHEAT  SAMPLES. 


Comixisitioii. 


No.  1. 
Peliaaier 
(durum). 


Moisture 

Ash 

Total  nitrogenous  compounds 

Oliadin 

Olutenin 

other  nitrogenous  compounds 

Acidity 

Soluble  carbohydrates 

Starch 

Yield 


Per  cent. 

11.100 

1.570 

T4.600 

e.ano 

6.300 

2.100 

.218 

2.800 

54.200 

77.500 


No.  2. 

Ghar- 

novka 

(durum). 


Per  cent. 

11.100 
1.640 

14.000 
6.000 
5.700 
2.300 
.165 
2.400 

66.000 

80.000 


No.  3. 
Amautka 
(durum). 


Per  cent. 
12.400 

1.330 
12.800 

4 

5 

2 


900 

600 

300 

.172 

2.400 

66.200 

80.300 


An  aver- 
age north- 
western 
spring 
wheat. 


Per  cent. 

11.9 
1.9 

12.3 
4.8 
5.0 
2.5 
.2 
1.8 

56.0 

78.6 


CHARACTER  OP  FLOUR  MADE  PROM  THE  WHEAT  SAMPLES. 


ComiKMtition. 


Quality  of  dough 

I 

i  Color  of  loaf  a 

'  Volume  of  loaf,  cubic  inches 

I  Weight  of  loaf,  ounces 

I  Water  used,  ounces 


No.  1.  Pelis- 
sier  (durum). 


Grayish, 
white, 
fairiy  elas- 
tic. 

3 

117 

18.13 

7.31 


No.  2.  Ghar- 

novka 

(durum ) . 


Creamy, 
w  h  i  t  e, 
fairly  elas- 
tic. 

2.5 

143 

17.81 

7.19 


No.  3.  Ar- 

nautka 

(durum). 


An  average 
northwestern 
spring  wheat. 


Grayish, 
white, 
creamy, 
fairly  elas- 
tic. 

Good,  3 

120 

17.31 

6.94 


Grayish, 
white,  elas- 
tic. 


2 

186 

17.26 

7.00 


a  Maximum  of  whiteness,  2.5;  medium,  3;  minimum,  3.5. 

i?«mcirJti».— Moisture  of  all  three  wheats  is  normal  in  comparison  with  bread  wheats.  Ash  is 
lomewhat  lower  than  in  bread  wheats.  Total  nitrogenous  compounds  include  the  two  com- 
pounds which  make  up  gluten— gliadin  and  glut«nin— and  other  soluble  nitrogenous  compounds 
which  are  pr^ient  in  smaller  amounts.  Nos.  1  and  2  are  very  high  in  nitrogenous  compounds, 
and  No.  8 contains  about  the  same  amount  as  a  giK>d  spring  wheat.  The  gliadin  and  glutenin 
•re  present  in  large  amount  and  the  other  nitrogenous  compounds  in  average  amount.  The 
acidity  is  a  measure  of  soundness,  and,  being  normal  in  all,  shows  them  to  be  sound.  The  per- 
oentase  of  soluble  carbohydrates  (sugars,  gums,  and  soluble  starch )  is  slightly  higher  than  in 
breadwheats.  These  components  are  the  eanily  fermentable  materials,  and  consequently  the 
keeping  qualities  of  the  flours  will  -not  bo  quite  as  good  as  those  of  bread  wheat  flours.  The 
starch  analysis  is  made  to  get  an  idea  of  the  yield,  since,  generally  speaking,  the  yield  is  propor- 
tional to  the  starch,  and  under  the  assumption  that  70  per  cent  of  average  flour  is  starch  the 
jieldn  would  be  as  shown.  The  yield  is  intended  to  mean  the  absolute  amount  of  flour  or  endo- 
spenn  in  the  wheat  berry,  but  of  course  in  the  mill  an  absolute  separation  is  impossible.  In  real- 
ity the  yields  are  higher  than  the  abovo,  since  inacraroni  flours  are  not  as  starchy  as  ordinary 
floara,  probably  65  per  cent  would  be  a  better  assumption,  in  which  case  the  yields  would  be, 
respectively,  8:14, 86.2,  and  86.5  per  cent;  but  the  yields  are  at  least  comi)arative  with  each  other. 
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Table  8. — General  comparative  baking  results  with  bread  from  different  flours 


Patents  and  straights. 

First  and  second  clears. 

Mill  name  or  marks. 

Color. 

1 

1 

1.5 

1 

1.5 

1 

1 

1 

1.5 

1 

1.5 

2 

1 

1 

1 

1.5 

1.5 

1.5 

8 

2.5 

3 

Volume. 

Weight. 

Water 
used,  mure 

or  lass 
than  stand- 
ard for- 
mula. 

Ounce*. 
0.19  more. 

.44  more. 

.63  more. 

.31  more. 

.25  more. 
Regular.. 
0.06  more 

Color. 

Volume. 

Weight. 

Water 
used,  more 

or  leas 
thanstaod- 
ard  for- 
mula. 

"Ceresota" 

Cubic  in. 
195 
195 
195 
195 
188 
193 
190 
192 
200 
180 
190 
180 
186 
190 
194 
196 
192 
195 
117 
143 
120 

Ounces. 
17.44 
17.63 
17.75 
17.63 
17.63 
17.19 
17.5» 

Cubic  in. 

Ounces. 

Ounce*. 

"Gold  Medal"   

. 

*'Pill8bury'8Be»t"  .. 

Standard  patent 

Do....\T 

4             180 

17.50 

0.18  m^ore. 

Do....^ 

5             162 

17.60 

lit  mnm. 

Do 

Do 

Do 

17.25     Regular.. 
17.  ?H  '  0.19  more. 
17.  £5     Regular.. 
17.31     OORmorft 

4  175 

5 !        leo 

5  1           158 
4  !           180 
4  1           172 

17.31 
17.75 
17.56 
17.50 
17.75 

.06  more. 
.Hi  nio>re 

Do 

13  moT^ 

Do 

.13  more 

Do 

18.00 
18.00 
17.68 
17.50 
17.44 
17.25 

.56  more. 
.63  more. 
.25  more. 
.13  more. 
.19  more. 
Regular  . 

Do 

Do 

1 i' 

Do 

Do 

-•--- 

Do 

Do 

17.19 

.f^ab. .:. 

Peliftfder,  Alters 

Ghamovka,  Russia . . 

18.13 
17.81 
17.31 

0.31  more. 
.19  more. 
.06  leas.. 

Arnautka,     North 

Dakota. 

1 

Explanation  of  headings.— Color.  Patents— Maximum  1,  medium  1 5,  minimum  2;  straights- 
maximum  2.5.  medium  3,  minimum  3.5;  first  cleara— maximum  4,  medium  5,  minimum  6;  aeoond 
clears— good  7  to  poor  8.  Volume  ( expressed  in  cubic  inches)  indicates  elasticity  or  rising  power. 
showing  whether  the  sample  is  in  proper  baking  condition  or  has  the  right  combination  of  prop- 
erties (starch  and  gluten)  in  itself  to  produce  a  good-sized  loaf.  Twelve  ounces  flour  in  e»ai 
loaf.  Weight  of  loaf  expressed  in  ounces  decimally.  Amount  of  water  used  indicated  decimal]}' 
by  more  or  less  than  standard  formula,  7  ounces. 

Remarks.— The  liakiuff  test  on  the  flours  as  milled  is  appended  for  comparison,  and  the  results 
are  self-explanatory.  In  generid  these  wheats  are  sound,  of  fair  color,  fair  absorbers  of  mcri«- 
ture,  and  not  able  to  produce  large  loaves  in  the  baking  test.  Milling  these  wheats  with  bread 
wheats  is  impracticable,  but  mixtures  of  thn  two  kinds  of  flours  should  be  experimented  with. 
Macaroni  bread  has  a  fine  flavor  and  pound  for  xx>und  contains  more  nourishment  than  any 
other  wheat  flour. 

COOPERATIVE  BAKING  EXPERIMENTS  OF  THE  DEPARTMENT  OF 

AGRICULTURE. 


So  much  iDterest  in  the  subject  having  been  developed  through 
such  experiments  as  these  described,  it  was  thought  desirable  for  the 
Department  of  Agriculture  to  conduct  a  more  complete  series  of 
experiments  on  a  comparatively  large  scale  in  the  use  of  durum  wheat 
flour  for  bread.  During  April,  1903,  satisfactory  arrangements  were 
made  with  one  of  the  laige  bakeries  of  the  country  to  cooperate  in 
carrying  out  these  exi)eriments,  the  bakery  to  complete  all  tests  in 
the  actual  bread  making  and  the  Department  to  make  the  analyses  of 
the  flour  and  the  later  physical  and  chemical  tests  of  the  bread  after 
the  baking.  In  these  experiments  the  durum  wheat  bread  was  ma^le 
from  a  ** macaroni  patent"  flour  produced  by  a  North  Dakota  mill 
which  had  up  to  that  time  given  the  most  attention  to  the  production 
of  this  kind  of  flour.  (PI.  I,  Frontispiece.)  The  bread  for  compari- 
son was  a  well-kn'own  product  of  this  bakery  made  at  that  time  from 
one  of  the  best  hard  spring  wheat  flours  obtainable,  a  blend  of  two 
northwestern  patents.     The  results  of  observation  on  the  flour  and 
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doQgh  and  operations  in  the  mixing  department  in  the  case  of  this 
test  are  given  in  the  following  t^abular  statements.  Similar  observa- 
tions are  made  with  the  greatest  accuracy,  and  similaf  care  is  taken 
in  the  mixing  operations  in  this  baker}'  preceding  all  it^s  regular 
bakings. 

TABLES  OF  MIXING  OPERATIONS. 

Table  4. — Constituents  of  dough. 


Hard  spring  wheat  bread  marked  *^  P/'  Weight. ,    Durum  wheat  bread  marked  "  X . " 


Flour,  hard  spring  wheat  patent. . . 

Water 

Milk 

.Sugar  

Mt 

Lard 

Yeast 

Total  number  of  loaves  produced 


Pounds. 
196 
101 
50 
6i 

u 

321 


Flour,  macraroni  patent 

Water 

Milk 

Suf^ar 

Salt 

Lard 

Yeast 

Total  number  of  loaves  produced 


Weight. 


Pound*. ' 

167 

86 

42 

5i 

4 

u 

861 


Table  5. — Conditions  of  mixing, <^ 


Kind  of  dough. 


""arj?:"-  '""'«• 


'P"— hard  spring  wheat: 
Ontside 

Air. 


F. 


Shop 

^fixture  tank 

Liquid  in  machine 

Dough  when  made i. 

Time  dough  started 

'X"— durum  wheat: 

Oatside 

Air 


Shop 

Minuretank 

Liquid  in  machine .. 
Dough  when  made.. 
Time  dough  started. 


52 
50 
64 
04 
02 
70 
02 

56 
56 
63 

02 

70 
08 


9.07 
9.10 
0.07 
0.05 
0.03 
0.30 
0.07 

«.54 
9.00 
8.54 
8.60 
8.52 
0.30 
8.64 


<> Number  of  revolutions  of  mixing  machine:  "P,"  1,700;  "  X,"  2.160.  The  IncreaHed  nnmljer  of 
revolutions  for  ''  X  ^*  is  accounted  for  by  the  smaller  dough,  necessitating  greater  motion  in  tak- 
ing hold  of  it. 

Table  6. — Making  vp  the  loaves. 


Kind  of  dough. 


"  P  "-hard  spring  wheat 
"X"— durum  wheat 


Time        Total 
when      number 
taken,    of  loaves. 


3.30 
3.30 


321 
261 


Men  on  Flour  for 
dough,  dusting. 


Pounds. 


2 
2 


5 
5 


The  durum  wheat  bread  proved  in  one  hour  and  thirty  minutes; 
hard  spring  wheat  bread  proved  in  one  hour  and  twenty  minutes.  The 
temperature  of  ovens  was  500°  F.  The  hard  spring  wheat  bread  baked 
in  thirty  minutes.  The  durum  wheat  bread  baked  in  thirty-five 
minutes. 

A  complete  report  on  the  chemical  analyses  of  the  flour  used,  in 
comparison  with  a  number  of  other  flours  and  the  later  Department 
tests  of  the  bread,  is  here  produced,  prepared  entirely  by  one  of  the 
Writers,  Dr.  J,  S.  Chamberlain. 
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CHEMICAL  STUDY   OF  DURUM  WHEAT  FI^UR  AND  BREAD. 

Examinaiion  of  siandard  flours. — In  order  to  show  a  coiiiparis<»i 
not  only  of  the  two  floure  used  in  the  baking  test,  but  also  of  several 
typical  flours,  the  following  list  of  twenty-nine  samples  was  seleetoc 
and  analyses  were  made  of  them.  The  list  embraces  flours  from  foui 
different  classes  of  wheat,  viz,  durum  wheat,  northwestern  hanj 
spring  wheat,  Kansas  hard  winter  wheat,  and  soft  winter  wheat.  Th< 
flours  were  of  two  grades — straight  and  patent — the  latter  iucludin« 
both  first  and  second  patents,  the  former  being  what  is  sometimei 
termed  standard  patent  or  straight  patent. 

The  flours  are  as  follows : 

103.  Dumm  wheat  flour,  patent  grade,  North  Dakota.  1903. 

107.  Dnrmn  wheat  flonr,  patent  grade.  North  Dakota,  1903. 

109.  Durum  wheat  flour,  patent  grade,  North  Dakota,  1902. 

115.  Durum  wheat  flour,  i)atent  grade,  used  in  bread  test.  North  Dakota.  1902. 
234.  Durum  wheat  flour,  patent  grade.  North  Dakota,  1903. 

202.  Durum  wheat  flour,  patent  grade,  Minnesota.  1903. 

241.  Durum  wheat  flour,  patent  grade,  Minnesota,  1903. 
248.  Durum  wheat  flour,  patent  grade,  Minnesota,  1903. 
240.  Durum  wheat  flour,  patent  grade,  Nebraska,  1903. 

245.  Durum  wheat  flour,  intent  grade.  Pennsylvania  milled,  1903. 
101.  Durum  wheat  flour,  straight  grade,  North  Dakota,  1902. 

160.  Durum  wheat  flour,  straight  grade,  laboratory  mill.  Velvet  Don  variety, 

grown  in  Russia  in  1901. 
166.  Durum  wheat  flour,  straight  grade,  laboratory  mill.  Velvet  Don  varieiy. 

grown  in  South  Dakota  in  1901. 
135.  Hard  spring  wheat  flour,  patent  grade,  Minneapolis  mill,  1902. 
200.  Hard  spring  wheat  flour,  patent  grade,  Minneapolis  mill,  1902. 

116.  Hard  spring  wheat  flour,  patent  grade,  North  Dakota  mill,  1902;  used  ii 

bread  test. 
125.  Hard  spring  wheat  flour,  patent  grade,  North  Dakota,  1902. 

246.  A  blend  of  hard  spring  and  hard  winter  wheat  flours,  x)atent  grade,  Nebraska 

1903. 

247.  Hard  spring  wheat  flour,  patent  grade,  Minnesota,  1903. 
124.  Hard  spring  wheat  flour,  straight  grade,  North  Dakota,  1901. 
123.  Hard  spring  wheat  flour,  straight  grade.  North  Dakota,  1902. 

242.  Hard  spring  wheat  flour,  straight  grade,  North  Dakota,  1903. 

129.  Hard  winter  wheat  flour.  Turkey  variety,  straight  grade,  Kansas,  1902. 

130.  Hard  winter  wheat  flotir,  Turkey  variety,  patent  grade,  Kansas.  1902. 

168.  Hard  winter  wheat  flour,  Turkey  variety,  straight  grade,  laboratory  mill 

1902. 

169.  Hard  winter  wheat  flour,  Turkey  variety,  straight  grade,  laboratory  mill 

1902. 
176.  Soft  winter  wheat  flour,  Fultz  variety,  patent  grade,  St.  Louis,  1902. 

194.  Soft  winter  wheat  flour,  straight  grade,  Pennsylvania,  1902. 

195.  Soft  winter  wheat  flour,  straight  grade,  Pennsylvania,  1903. 
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In  the  analyses  special  attention  was  given  only  to  the  deterniina- 
t,ion  of  the  proteid  constituents  and  to  the  separation  of  these  into 
lliree  parts,  viz,  into  proteids  soluble  in  dilute  salt  solutions,  proteid 
fc*oluble  in  70  j)er  cent  alcohol  (gliadin),  and  proteid  insolul)le  in  alco- 
tiol  or  salt  solutions  (glutenin).  The  determinations  of  nitrogen  in 
t-liese  and  the  other  analyses  were  made  by  the  (xunning  method  by 
Mr.  T.  C.  Trescot,  of  the  Bureau  of  Chemistrv. 

In  the  following  table  (Table  7)  will  be  seen  the  results  of  the 
Analyses.  The  results  are  all  figured  on  dry  material,  with  the  excep- 
tion of  the  determinations  of  absorption  and  expansion  and  of  the 
gluten,  which  were  figured  in  both  ways,  the  percentage  amounts  of 
crater  in  the  air-dry  flour  being  given  in  the  first  column.  In  addi- 
tion to  the  gliadin,  glutenin,  proteids  soluble  in  salt  solution,  total 
proteids,  and  the  various  ratios  and  relations  derived  from  these, 
there  are  also  given  the  gluten  by  washing,  and  the  absorption,  ash, 
and  expansion  when  it  was  possible  to  determine  them.  It  will  be 
Been  almost  at  a  glance  that  the  amounts  of  gliadin  and  glutenin 
griven  in  this  table  do  not  agree  with  those  given  by  some  writers, 
which  vary  from  50  to  75  per  cent  gliadin.  Without  going  into  the 
question  of  the  reason  for  different  results  by  different  investigators, 
thus  necessitating  a  long  technical  discussion  of  methods,  the  results 
are  ^ven  for  their  comparative  value  in  this  particular  case,  and  the 
description  of  methofls  used  and  a  discussion  of  the  whole  question  of 
the  proteid  constituents  of  flour  will  be  given  in  another  and  later 
publication. 

In  Table  8  a  few  of  the  results  obtained  from  the  patent  flours  have 
been  brought  together  for  a  better  comparison  of  the  durum  and 
hiird  spring  wheat  flours,  and  also  to  show  the  difference  between  the 
flour  from  the  wheat  crop  of  1902  and  that  of  1903. 
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'Table  8. — Comjmriaon  of  patent  flour  from  (lunnn  wheat  and  jiorthtrestem 

npring  wJieat  of  the  crops  of  J9(/'J  and  Vfdi. 

TOTAL  PROTEIDK  IN  PER  CENT  OF  DRY'  FLOUR. 


Duram  wheat. 


Northwestern  spring  wheat. 


Crop  of  1908: 

No.  107.. 

108.- 

109.- 

115.. 


Percent.  ,  CYf)pof  19ttt: 
15.27   '         No.lltt.. 
12.84   1 


12.52 
12.38 


Average , 
Crop  of  1903: 

No.  240 

245 

234 

241 

24« 

202 


13.20 


ia5 

200 
125 


Average 
Crop  of  1903: 
13.40  I         No. 247..-. 
12.60  24«.--. 

12.32 


12.10 
11.64 
11.38 


Average  .  -  - 
General  average 


/Vr  ctnt. 
14.44) 
13.36 

lais 

13.47 

iTS 

12. 72 
ll.» 

12.» 
13.01 


Average . . . 
General  average 


12.22 
12.61 


Kansas  hard  winter  wheat 
Soft  winter  wheat 


12.» 
9.57 


GLIADIN+GLUTENIN  IN  PER  CENT  OF  DRY  FLOUR. 


Crop  of  1902: 

No.  107.. 

109.. 

108.. 

115.. 


Average . 
Crop  of  1908: 

No.240 

245 

241 

234 

248 

202 


Average . . . 
General  average 


12.72 
10.89 
10.78 
10.5:} 


10.26 
10.64 


Crop  of  1902: 

No.  116.. 

200. 

136.- 

126.- 


1S.85 
11.40 
11.85 
10.53 


Average 
Crop  of  1908: 
No.247.... 
246 


11.41 

11..* 
ICfiS 


Average  . . . 
General  average 


Kansas  hard  winter  wheat 
Soft  winter  wheat 


ILIO 
]].30 


11  00 
7.W 


GLUTEN  IN  PER  CENT  OP  DRY  FLOUR. 


Crop  of  1902: 

No.  107.. 

103.. 

115.. 

109.. 


17.99 
16.42 
14.18 
13.16 


Crop  of  1902: 

No.  116.- 

135 -. 

20J).. 

125  . . 


13.96 
13.90 
13.48 
12.84 


Avei'age . 
Crop  of  1903: 

No.240 

234 

245 

24« 

202 

241 


15.44 

14.36 
18.45 
]3.:i2 
13.04 
13.03 

12. :« 


Average 
Crop  of  1903: 
No.247.... 


246 


Average  . .  - 
General  average 


ia45 

14.35 
ia(8 


Average 

General  averago 


13.26 
14.13 


Kansas  hard  winter  wheat 
Soft  winter  wheat 


13.® 
13.58 


1S.64 
10.  .51 


Total  2>f^oiekh, — In  eolunin  2  of  Table  7  and  part  1  of  Table  8  will  be 
found  the  results  for  the  total  proteids  in  flour.  The  maximum 
amount  found  was  17.77  per  cent  and  the  minimum  amount  O.Oo  per 
cent.  The  latter  was  in  patent  flour  from  soft  winter  wheat  and  the 
former  was  in  a  straight  flour  made  from  durum  wheat  grown  in  Russia 
in  1901.  It  will  be  seen  that  the  two  highest  amounts  of  tot-al  proteids 
were  found  in  flours  made  from  this  imported  Russian  wheat,  No.  160, 
and  the  other  from  some  wheat  grown  in  South  Dakota  in  1901  from 
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Russian  seed  of  the  same  variety,  No.  16G.  Botli  of  these  flours  were 
straight  grade;  but,  allowing  for  a  slightly  greater  proteid  content  in 
straight  than  in  patent  ftour,  the  total  proteids  in  these  two  samples 
of  flour  are  considerably  higher,  with  one  exception,  than  in  the  other 
samples  of  durum  wheat  flour  studied.  On  comparing  the  total  pro- 
teid content  of  durum  wheat  flours  of  the  crop  of  1902  with  those  of 
the  crop  of  1903  (see  Table  8),  it  will  be  seen  that  the  average  amount 
is  less  in  1903  than  in  1902,  and  in  both  years  considerably  less  than 
in  flour  from  the  crop  of  1901,  if  judged  by  the  single  sample  used, 
No.  16G.  The  explanation  for  this  distinct  decrease  in  the  amount  of 
total  proteids  is  without  doubt  the  excessively  wet  seasons  of  1902 
and  1903,  which  would  have  a  definite  tendency  to  lower  the  proteid 
content  of  the  grain.  In  a  dry  and  favorable  season,  like  that  of  1901, 
in  the  case  of  flour  No.  1&]  the  amount  of  proteids  is  only  slightly  less 
than  in  the  imported  grain.  Professor  Shepard  (South  Dakota  Experi- 
ment Station  Bulletin  No.  77, 1902,  p.  39)  found  that  some  Avheat  grown 
in  South  Dakota  in  1901  contained  an  increased  amount  of  total  pro- 
teids compared  with  the  original  imported  Russian  seed. 

In  comparing,  now,  the  patent  flour  from  durum  wheat  with  simi- 
lar patent  flour  from  hard  spring  wheat,  it  will  be  seen  that  in  both 
eases  the  total  proteids  of  flour  from  wheat  of  the  crop  of  1902  is 
highei-  than  that  of  1903.  The  average  of  each  year  is  very  nearly 
the  same  for  durum  wheat  floure  as  for  the  hard  spring  wheat  flours, 
while  the  general  average  of  all  the  samples  studied  is  a  little  lower 
for  the  durum  than  for  the  hard  spring,  due  to  the  fact  that  six  sam- 
ples of  low-proteid  durum  of  1903  were  included,  while  there  were 
only  two  samples  of  low-proteid  hard  spring  of  1903.  The  one  sample 
of  Kansas  hard  winter  wheat  patent  flour  has  a  little  less  total  proteid 
than  the  durum.  The  total  proteid  content  of  soft  winter  wheat  patent 
flour  is,  however,  distinctly  different  from  any  of  the  three  hard 
wheats. 

Qliadin  and  glutenin, — The  percentages  of  gliadin,  or  the  proteid 
extracted  from  flour  by  70  per  cent  alcohol,  and  glutenin,  or  the  proteid 
insoluble  in  either  salt  solutions  or  70  per  cent  alcohol,  vary  in  the 
durum  wheat  patent  flour  from — 

Gliadin,  4.64  to  7.32  x)er  cent. 
Glntenin,  4.25  to  5.45  per  cent. 

In  tlie  hard  spring  wheat  patent  flour  the  variation  is 

Gliadin.  5.31  to  7.04  per  cent. 
Glntenin,  4.54  to  5.96  per  cent. 

In  the  Kansas  hard  winter  wheat  patent  flour — 

Gliadin.  6.51  per  cent. 
Glntenin,  4.49  jjer  cent. 

In  soft  winter  wheat  patents — 

Gliadin,  3.63  to  4.42  per  cent. 
Glntenin,  3.41  to  4.32  per  cent. 
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The  ratios  of  these  two  prot/eids  to  each  other,  expresseti  in  percent- 
ages of  their  sum,  is  given  in  columns  8  and  9.  In  the  durum  wheat 
pat^^nt  flour  the  ratios  vary  from — 

No.  234,  gliadin,  46.12  per  cent;  glntenin,  53.88  -per  cent. 
No.  107,  gliadin,  57.55  per  cent;  glntenin,  42.55  per  cent. 

In  hard  spring  wheat  patent  flour  the  ratios  are — 

No.  247,  gliadin,  48.53  -per  cent:  glutenin,  51.47  per  cent. 
No.  1 10,  gliadin,  57.02  per  cent;  g^utenin.  42.98  per  cent. 

The  liard  winter  wheat  patent  flour  gave — 

No.  130,  gliadin,  59.19  per  cent;  glntenin,  40.81  per  cent. 

The  soft  winter  wheat  patent  flour  gave — 

No.  194,  gliadin,  50.57  per  cent;  glutenin,  49.43  per  cent. 
No.  195,  gliadin,  54.fi2  -per  cent;  glntenin,  45.38  per  cent. 

On  account  of  the  properties  of  these  two  proteids  and  the  methotl.s 
at  present  used  for  their  separation  it  is  impossible  to  make  an  abso- 
lutely clear-cut  separation  of  one  from  the  other,  and,  consequently, 
determinations  of  the  amounts  of  each  and  their  ratios  to  each  other 
vary,  as  is  seen  from  the  above  figures,  between  limits  that  are  as 
wide  for  different  flours  from  the  same  class  of  wheat  as  between 
flours  from  tlie  different  classes,  except  perhaps  between  the  hard 
wheats  and  the  soft  winter  wheats.  On  this  account  it  seems 
better  to  take  some  other  factors  for  the  comparison  of  flours  and 
wheats  than  the  separate  amounts  of  gliadin  and  glutenin  or  their 
ratio  to  each  other.  While  it  is  impossible  to  make  a  sharp  separation 
of  gliadin  from  glutenin,  it  is  not  so  difficult  to  separate  the  two 
togetlier  from  the  other  proteids  soluble  in  dilute  salt  solutions.  By 
repeated  analyses  of  the  same  flours  it  was  found  that  the  amount 
of  salt-soluble  proteids  obtained  does  not  vary  nearly  so  much  as 
that  of  gliadin  and  glutenin. 

If  we  add  together  the  gliadin  and  glutenin,  or  if  from  the  sum  of 
the  proteids  or  from  the  total  proteids  as  found  b}'  nitrogen  deter- 
jnination  there  is  subtracted  the  amount  of  proteids  soluble  in  salt 
solutions,  we  obtain  the  amount  of  gliadin  and  glutenin  together. 
This  per  cent  of  gliadin  phis  glutenin  in  the  flour  (see  Table  7,  column 
10,  and  Table  8,  part  2)  represents  the  amount  of  true  gluten  in  the 
flour.  The  determination  of  gluten  by  the  ordinary  method,  as 
.shown  by  one  of  the  writers  in  a  paper  read  before  the  Association  of 
Official  Agricultural  Chemists  at  their  meeting  in  October,  1903,  and 
published  in  the  report  of  that  meeting,  is  very  crude  and  approxi- 
mate so  far  HS  accurate  analysis  of  the  flour  is  concerned,  and  the 
desii'cd  relations  are  much  better  expressed  by  the  factor  referred 
to,  viz,  the  percentage  amount  of  gliadin  plus  glutenin  in  the  flour. 
Tlio  results  of  such  a  determination  should  agree  I'elatively  with 
the   gluten  determination   so  far  as  agreement  would  be  expected 
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with  an  approximate  dotiennination.  As  the  ainount  of  protoids  solu- 
ble in  salt  solutions  is  quito  constant,  tho  determinations  of  ^liadin 
plus  ijlutenin  will  likewise  ag^ree  relatively  with  those  of  the  total 
proteid  content.  By  consulting  Table  8  it  will  be  seen  that  the  rela- 
tive positions  of  the  various  flours  in  each  class  are  practically  the 
same  for  the  three  determinations  given,  viz,  total  proteids,  gliadin 
I>lus  gluten  in,  and  gluten. 

Considering  now  the  relation  between  the  durum  wheat  flour  and 
the  hanl  spring  wheat  flour,  as  shown  by  this  table,  it  is  seen  that, 
as  is  the  case  with  total  proteids,  so  with  the  other  two  factors,  the 
average  of  the  1002  wheat  flour  is  slightly  higher  than  that  of  the 
1003  crop.  In  each  case,  with  the  exception  of  the  gluten  of  the  1902 
wheat  flours,  the  agreement  l>etween  the  durum  flour  and  the  hard 
spring  flour  of  the  same  season  is  very  close,  the  general  averages  of 
all  the  determinations  made  of  each  class  not  being  quite  so  close. 
The  sample  of  hanl  winter  wheat  flour  that  was  examined  gave  results 
nearly  the  same  as  those  of  the  durum  wheat  flour  and  the  hard  spring 
wheat  flour,  whereas  the  soft  winter  wheat  flour  fell  much  l)elow  the 
others. 

In  general,  it  will  be  seen  from  both  Table  7  and  Table  H  that  the 
three  hard  wheats  gave  results  that  approach  each  other  oftentimes 
as  closely  as  different  samples  of  the  same  class,  and  the  only  flour  to 
differ  noticeably  is  the  soft  winter  wheat  flour.  This  agreement,  how- 
ever, is  noticeable  only  for  the  seasons  of  11)02  and  1903.  With  the 
two  flours  from  wheat  grown  in  1901,  viz,  No.  124  and  No.  lOO,  the 
results  for  the  various  proteid  determinations  are  higher  without 
exception  in  the  case  of  the  durum  wheat.  Therefore,  while  tho 
durum  wheat  flour  is  at  least  equal  in  quality  to  the  flour  of  the  other 
hard  wheats  grown  in  the  United  States,  and  while  in  the  case  of  sea- 
sons wet  and  otherwise  unfavorable  for  the  production  of  the  best 
durum  wheat,  the  proteid  constituents  agree  practically  with  those  of 
hard  spring  and  hard  winter  wheats,  yet  in  seasons  best  adapted  to 
the  growth  of  durum  wheat  the  flour  invariably  contains  a  higher  per 
cent  of  proteid  constituents. 

In  regard  to  the  water-absorbing  power  and  the  expansion  of  the 
flours,  both  the  highest  absorption  and  the  highest  expansion  were 
with  flours  of  durum  wheats,  the  average  of  the  patent  flours  being 
65  for  the  durum  and  62  for  the  hard  spring  wheat,  the  Kansas  hard 
winter  wheat  flour  being  62,  while  the  soft  winter  wheat  flours  are 
all  much  lower.  The  average  expansion  for  the  durum  wheat  patent 
flour  was  615,  and  for  the  hard  spring  wheat  patent  flour  604. 

The  ash  content  of  the  durum  wheat  flour  is  considerably  higher 
than  that  of  any  of  the  other  three  classes  examined,  the  average  of 
the  patent  flours  being  0.77  per  cent  for  the  durum,  0.55  per  cent  for 
the  hanl  spring,  0.57  per  cent  for  the  hard  winter,  and  0.60  per  cent 
for  soft  winter.     This  high  ash  content  is  not  due  to  a  low  grade  of 
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flour,  for  the  ash  eonl/eiit  of  the  diiriim  whole  wheat  is  proportionally 
higher  than  that  of  the  hard  spring  wheat.  The  average  of  the  ash 
determinations  of  durum  whole  wheat  was  2. 14  per  cent,  whereas  hard 
spi'ing  wheat  gave  an  average  of  1.62  per  cent.  While  the  sample  of 
1JH)1  durum  wheat  flour  possesses  a  higher  ash  than  the  average  of 
11)02  and  1903,  yet  some  flours  of  these  years  have  as  high  an  ash  con- 
tent. In  this  respect,  therefore,  the  composition  of  the  durum  wheat 
flour,  even  for  these  wet  and  unfavorable  years,  maintains  a  charac- 
teristic difference  from  that  of  the  hard  spring  wheat  flours. 

Conclusions. — From  a  careful  study  of  the  results  of  these  investi- 
gations it  appears: 

(1)  The  total  proteid  content  of  durum  wheat  flour  from  wheat 
grown  in  Russia  and  from  that  grown  in  this  country  in  normal  sea- 
sons is  considerably  higher  than  that  in  any  of  the  other  principal 
classes  of  American  wlieats. 

(2)  In  durum  wheat  grown  in  the  United  States  in  wet  and  other- 
wise unfavorable  yeai*s  the  proteid  content  falls  to  an  amount  about 
equal  to  that  of  northwestern  hard  spring  wheats  or  Kansas  hard 
winter  wheats,  but  is  above  that  of  the  soft  winter  wheats. 

(3)  On  the  average  the  proteid  content  of  durum  wheat  flour  grown 
in  1002  or  1903  is  equal  to  that  of  northwestern  hard  spring  wheat  of 
the  same  year,  but  in  flour  made  from  normal  wheat  grown  under 
more  favorable  conditions  it  is  higher. 

(4)  The  amount  of  gliadin  plus  glutenin  in  the  flours  from  the  typ- 
ical wheats  studied  is  in  practically  the  same  relation  as  the  total 
proteids  just  described. 

(5)  The  absorption  and  expansion  are,  as  a  rule,  greater  in  the  case 
of  flour  from  durum  wheat  than  of  flour  from  hard  spring  wheat  or 
hard  winter  wheat. 

(6)  The  ash  content  of  durum  wheat  patent  flour  is  considerably 
higher  than  that  of  hard  spring  wheat  patent  flour. 

(7)  In  general,  durum  wheat  flour  differs  in  composition  from  hard 
spring  wheat  flour  in  having  larger  amounts  of  proteids,  a«h,  and 
sugar,^  but  in  unfavorable  seasons  having  too  much  moisture  some  of 
those  fall  to  about  the  same  amount  as  found  in  the  other  hard 
wheats. 

EXAMINATION  OF  THE  FLOUR  AND  BREAD  OF  THE  BAKING  TEST. 

The  analyses  of  the  two  flours  used  in  the  baking  test  and  of  the 
breads  made  from  them  will  now^  be  considered. 

In  the  preceding  tables  (7  and  8)  of  flour  analyses.  No.  115  is  the 
flour  used  in  the  bread  test  for  bread  X  and  No.  116  is  the  flour  used 
for  bread  P.  These  will  be  called  hereafter  '*  flour  X  "  and  "  flour  P," 
corresponding  to  bread  X  and  bread  P. 

From  an  examination  of  these  tables  it  will  be  seen  that  in  regard 
to  the  x)rot<»id  constituents  flour  P  is  above  the  average  of  the  patent 


«See  examination  of  the  flonr  and  bread  of  the  baking  test,  p.  48,  and  Table  12. 
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flours  from  northwestern  hard  spring  wheat,  the  same  being  true  also 
of  the  absorption  and  expansion.  On  the  other  hand,  flour  X  is 
alK>ut  equalh-  below  the  average  of  1902  durum  wheat  patent  flours, 
being  about  equal  to  the  general  average  for  the  two  years  1U02  and 
11)03.  The  two  flours  X  and  P,  however,  are  not  further  apart  on 
these  points  than  are  the  extremes  of  either  tlie  hard  spring  wheat 
patent  flours  or  the  1902  durum  wheat  patent  flours.  The  two  flours  are 
in  fact  the  opposite  extreiues  of  their  respective  classes  in  regard  to 
proteid  constituents,  and  practically  so  as  to  expansion  and  absorption. 
The  doughs  for  the  two  lots  of  bread  were  made  according  to  the 
following  formulie: 

Tablk  9. — Fonn ah f  for  doughs  used  in  baking  test. 


Material. 


Dough  for  X . 
As       I  As dry 


Floor. 
Water 
Milk.. 
Sugar. 


igai 
lit. 


Salt 

Lard. 

Yeast 


Pounds. 
167 

m 

42 
5.5 
4 
4.  (O 


Pounds. 

146.4 


1.25 


5.4 
5.5 

4        I 
■   4.75 

«1.25 


Total  ingredients 


aio.5 


167. 3 


Dough  for  P. 

As         As  dry 
weighed,   matter. 

Pounds. 
196 
101 

Pounds. 
170.» 

50 
6.5 
4.75 
6 
1.5 

6.4 
6.5 
4.75 
6 
"1.5 

365.75 

196.05 

«  Approximate. 


The  milk  was  not  analyzed,  but  considering  an  average  milk  to  con- 
tain 12.8  per  cent  total  solids,  of  which  3.7  per  cent  is  fat  and  4.9  per 
cent  milk  sugar,  the  amount  of  dry  matter  and  the  amount  and  per 
cent  (calculated  on  dry  matter)  of  each  ingredient  are  given  in 
Tables  9  and  10. 

Table  10. — Amounts  and  percentages  of  the  ingredients  of  breads  X  and  P, 


Ingredient. 


Bread  X. 


Bread  P. 


Amonnt  of  liqnid  to  100  parts  of  air-dry  flour I 

Dry  matter  in  dough '      167 


Flour  (per  cent  of  total  ingredients) 
Cane  sugar 
Milk  sugar 
Pat  in  milk 
Pat  as  lard 

Salt 

Yeast 


167 

5.5  I 

2.06  I 
1.55 
4.75 
4 
1.25 


rent. 

Pound». 

ft— 

i  4 

5:3.8 

196 

5;i8 

196 

8.5ft) 

6.5 

\.z\ 

2.45 

.«J 

l.a') 

2.84 

6 

2.4 

4.  <o 

.74 

1.5 

Per  cent, 
n 
5116 


53.6 
3.31 
1.25 

.94 
3.06 
2.42 

.76 


From  this  table  it  is  seen  that  the  various  ingredients  of  the  l)read 
were  used  in  almost  exactly  the  same  i)roportions.  The  amounts  used 
in  the  case  of  the  bread  P  were  those  found  by  long  experience  to 
produce  the  best  bread  from  flour  P,  so  that  every  condition  was 
the  best  for  this  flour.  In  order  to  have  the  two  breads  exactly  com- 
parable, and  the  bread  X  tested  in  comparison  with  a  standard  h)af, 
these  conditions,  known  to  be  the  best  for  bread  P,  were  followed  for 
both  breads.     This  would  unquestionably  be  l-o  the  advantage  of  the 
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Standard  bread,  but  would  give  accurate  comparative  results  as 
desired.  The  only  conditions  modified  were  the  time  of  mixing,  the 
fermentation  period,  and  the  time  of  baking.  These  were  changed 
slightly,  as  considered  best  for  the  doughs,  by  the  expert  bakers  in 
charge  of  the  baking.  The  advantage  in  having  the  ingredients  of 
both  breads  exactly  the  same  is  that  both  the  loaves  themselves  and 
the  results  of  the  analyses  are  directly  coinparable. 

Three  loaves  of  each  bread  were  t^iken  for  analysis,  the  loaves  being 
in  each  case  an  average  of  the  entire  lot.  Two  of  these  loaves  (one  of 
each  kind),  after  weighing  and  measuring,  were  cut  and  analyzed  14 
hours  after  they  were  taken  from  the  oven.  (See  PI.  IV,  fig.  1.)  Two 
other  loaves  were  similarly  treated  68  hours  after  baking,  being  kept 
in  the  meantime  in  an  ordinary  room,  simply  wrapped  in  paper. 

The  third  pair  of  loaves  was  kept  under  the  same  conditions  until 
158  hours  after  baking,  when  they  were  also  cut  and  analyzed.  The 
following  table  shows  the  weight,  volume,  and  moisture  relations  as 
determined  on  each  of  the  six  loaves : 

Table  11. — Weighty  volume,  and  wat  r  content  of  bread  in  baking  test, 

[Bread  baked  April  27, 1908,  8  p.  m.] 


Bread  X. 

Bres 

Vol- 
ume.a 

id  P. 

Loes  in 
weight. 

Differ- 

Time of  weighing 
and  analyzing. 

Weight. 

Vol-    Loss  in 
ume.a  weight. 

.  Water 
in  loaf 
when 
cut. 

Perct. 
38.12 

Weight. 

Water 

in  loaf 

when 

cut. 

Per  ct. 
36.78 

ence  be- 
tween 
water  in 
XandP. 

First  loaf: 

14  hours  after 

baking 

Second  loal^ 
14  hours  after 
baking 

Grams. 
425.8 

437.2 

42r.7 

440.8 
4^)2.3 
414.6 
404.5 
807.0 
890.5 

806.4 
300.7 

293.6 

Per  ct. 

Grams. 
428.7 

431.8 

422.3 

410.4 
402.0 
384.8 
374.8 
867.3 
880.7 

313.2 
301.4 

298.6 

Prr  ct. 

Ptrct. 
1.38 

68  hours  after 

baking 

Third  loaf: 

14  hours 

2.17 

35.61 

2.10 

34.42 

1.19 

68  hours 

1.94 
4.01 
2.30 
1.09 
1.48 

2.04 
4.18 
2.44 
1.83 
1.62 

92  hours 

1 16  hours 

140  hours 

158  hours 

29.11 

•      28.20 

.91 

Total 

11.42 

1 
1 

12.11 
cL«2 

Average  . . . 

6434.4 
1.44 

800.2 

cl.73 

M23.4 
1.30 

302.7 

1.20 

Ratio  of  average 
weight  to  aver- 
age volume 

1 

« The  figures  given  here  indicate  relative,  not  actual,  Tolumee  of  the  loaves.  The  distances 
around  the  l<jaf  lengthwise  aud  crosswise  are  found  by  measurement,  and  these  multiplied 
together  give  the  so-called  volume. 

o  Average  of  weights  taken  at  14  hours  after  baking. 

^Average  loes  of  weight  in  third  loaf  for  each  24  hours. 

While  the  average  weight  of  a  loaf  of  bread  X  is  slightly  greater 
than  that  of  bread  P,  the  loaf  volume  of  X  is  nearly  the  same  as  that 
of  P.  This  makes  the  ratio  between  the  weight  and  volume  of  the 
loaf  larger  in  the  case  of  bread  X  than  of  bread  P.  This  means  that 
bread  X  is  somewhat  more  solid  than  bread  P,  or  weighs  more  per 
cubic  inch.  This  is  largely  accounted  for  by  considering  the  percent- 
age of  moisture  in  the  bread,  X  having  on  an  average  1.2  per  cent 
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more  moisture  than  P,  and  does  not  mean  that  X  is  what  would  l)e 
called  hearvy,  as  is  seen  by  the  answers  to  question  No.  4  on  tho  circu- 
lar letter  sent  with  the  bread.  (See  page  40. )  The  texture  of  bread 
X  is  on  an  average  fully  equal  to  that  of  bread  P.  In  connection 
with  this  point  it  will  be  seen  that  the  average  loss  of  water  rn  24 
hours,  by  standing  in  the  air,  is  less  in  X  than  in  P.  This  M'ould 
indicate  that  the  reason  for  the  greater  weight  per  unit  volume  of 
bread  X  i.s  because  the  moisture  is  not  onl}'  more  in  actual  per  cent, 
but  is  given  up  at  a  slower  rate  than  with  bread  P.  As  shown  in  the 
next  table,  the  absorption  of  flour  X  is  likewise  slightly  more  than  of 
flour  P. 

Tabl£  12. — Comparative  analyses  of  flour  and  hread  made  from  durum  wheat 

and  nortJiwestem  spring  wheat. 


Flour. 


Determination. 


Bread. 
X  P 


Average  weight gmma. 

Average  loaivoliune 

Loasof  weight  in  158  honrs 

Average  loBs  in  weight  per  ^  hours 

Water percent. 

Acidity  as  lactic  acid do... 

Ash , do... 

ftit do... 

Fat  added do... 

Invert  sugar do... 

Ckne  sugar do... 

Total  sugar  (soluble  carbodydrates) do... 

C^ne sugar  added  in  baking do... 

Milk  sugar  added  in  baking  (caJculatsd  from  milk) do . . . 

Proteids  soluble  in  salt  solution do . . . 

Proteids  soluble  in  70  per  cent  alcohol  at  2b'*-dti^  C do.. . 

Insoluble  proteids do... 

Total  proteids do... 

Heat  of  combustion  per  gram  of  dry  matter  b calories 

Absorption  (cubic  centimeters  of  water  per  1(X)  granos  of  flour) . .  | 
Expansion  ( in  cubic  centimeters  per  100  grams  of  flour) 


12.31 

A'.i 

.«0 

.5« 

3.77 


12. 


80 
19 
57 
43 

00 


434.40 

;«)0.20 

11.42 
1.73 

38.12 

.:i9 

3.29 

3.96 


423.40 

302.70 

12.11 

1.82 

.  86. 76 

.31 

3.00 

3.53 


1.54 
3.29 
1.23 
1.90 
6.70 
4.K^ 
12.38 


i.tn 

3.31 
1.25 
1.82 
7.05 
5.31 
14.40 


•J    ^"^ 
O.  1  1     1 

1.43 
5.20 

3.55 
1.08 

4.58 

67  1 

68  / 
600 


.62 

1.4^ 

"10.33 

12. 43 

f  4,463 

14,442 


1.12 

1.59 

«10.52 

13.23 

4.426 

4,420 


66 
620 


^  By  difference. 

bThe  determinations  of  the  heat  of  combustion  were  made  by  Mr.  E.  M.  Chaco,  of  the  Bureau 
»f  Chemistry. 

In  Table  12  will  be  found  the  complete  analysis  so  far  as  made*  of 
the  two  floui's  and  of  the  two  breads.  The  results  are  placed  to^c^ther 
in  one  table  in  order  that  an  easy  comparison  may  be  made  not  only 
of  the  breads  but  also  of  the  flours,  and  of  the  flours  with  tho  breads 
imule  from  them.  The  acidity  expressed  in  terms  of  lactic  acid  is 
slightly  more  in  flour  P  than  in  flour  X,  whereas  the  acidity  of  bread 
P  is  less  than  that  of  bread  X.  This  shows  that  the  fermentation 
went  a  little  further  in  bread  X  than  in  P.  It  will  be  seen  by  refer- 
ence to  Table  10  that  the  amount  of  salt  used  was  slightly-  less  in  X 
than  in  P,  thus  tending  to  shorten  the  fermentation  in  P  in  comi^ari- 
8on  with  that  of  X. 

The  ash  content  of  the  two  flours  is  noticeably  different,  being 
much  higher  in  flour  X  than  in  flour  P.  The  ash  of  flour  P  is  0.57 
per  cent,  being  slightly  above  that  of  a  correspoiKling  Minneapolis 
patent  flour,  while  the  ash  of  flour  X  is  0.8  per  cent.     As  would  be 
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expected,  the  ash  of  bread  P  is  smaller  than  that  of  bread  X.  The 
increase  in  ash  of  the  bread  over  that  of  the  flour  from  which  it  was 
made  is  almost  exactly  accounted  for  by  the  salt  and  other  mineraJ 
matter  introduced.  The  agreement  is  not  so  close  in  the  relation 
between  the  fat  in  the  two  breads  and  the  fat  in  the  flours  plus  the 
added  quantity  used  in  making  the  bread.  Only  one  loaf  Avas  ana- 
l^'zed,  however,  for  these  two  factor.**,  whereas  in  the  other  cases 
three  loaves  of  each  kind  were  analyzed,  and  the  results  given  in  the 
tables  are  the  averages  of  those  obtained. 

It  is  interesting  to  note  that  tlie  sugar  content  of  the  two  flours  is 
considerably  different,  considering  the  small  amount  of  sugar  (invert 
sugar  and  cane  sugar)  present  in  flour.  It  was  found  from  the  analy- 
ses of  several  durum  wheat  flours  that  in  general  they  contained  a 
notieeabl}'  larger  amount  of  total  sugars  (soluble  carbohydrates)  than 
ordinary  wheat  flours.  About  the  same  difference  in  sugar  content  is 
found  in  the  breads  as  in  the  flours,  the  same  relative  amounts  of 
sugar  being  added  to  each  flour  in  mAking  the  bread.  This  fact  was 
generally  noticed  by  those  who  tasted  the  bread,  many  of  the  answers 
to  question  2  (see  p.  41))  being  that  bread  X  was  sweeter. 

In  regard  to  the  prgteid  constituents  of  the  flours  and  breads,  as 
would  be  expected,  the  proteids  soluble  in  alcohol  and  in  salt  solution 
are  much  lower  in  the  bread  than  in  the  flour,  due  of  course  to  the 
change  in  the  proteids  during  fermentation  and  baking. 

Finally,  in  regard  to  the  food  value  of  the  breads  as  measured 
by  the  determination  of  the  heat  of  combustion,  there  is  a  difference 
in  the  heat  of  combustion  of  the  two  breads  of  about  34  calories, 
which  would  mean  approximately  an  equivalent  of  less  than  0.01 
gram  of  sugar  or  0.006  gram  of  proteids  in  1  gram  of  bread,  which 
is  too  small  to  be  of  importance.  The  food  values  of  the  two  loaves 
of  bread,  therefore,  are  as  nearly  the  same  as  could  be  expected. 
In  fact  the  heat  of  combustion  of  two  corresponding  loaves  of  bread 
made  from  these  same  flours  the  week  preceding  the  final  test  was 
4,4()2  calories  for  bread  X  and  4,434  calories  for  bread  P,  showing 
almost  as  much  difference  between  two  loaves  from  the  same  flour  as 
between  those  from  the  different  flours. 

Conclusions. — From  the  preceding  chemical  examination  of  the 
bread  made  from  durum  wheat  flour,  in  comparison  with  similarly 
made  bread  from  hard  spring  wheat  flour,  the  following  conclusions 
seem  justified: 

(1)  Durum  wheat  flour  produces  a  bread  that,  as  a  rule,  contains 
slightly  more  moisture  and  loses  this  moisture  at  a  slower  rate  than 
bread  made  from  hard  spring  wheat  flour. 

(2)  The  average  weiglit  of  loaves  of  equal  loaf  volume  is  slightly 
greater  in  the  case  of  durum  wheat  flour  than  of  flour  from  hard 
spring  wheat. 

(3)  The  average  loaf  volume  of  loaves  scaled  to  the  same  weight 
when  molded  is  almost  the  same  with  the  two  kinds  of  flour. 
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(4)  Durum  wheat  flour  and  the  bread  made  from  it  contain  notice- 
ably larger  amounts  of  sugar  than  liard  spring  wheat  flour  or  bread. 

(5)  The  ash  content  of  durum  wheat  flour  and  bread  is  greater  than 
that  of  hard  spring  wheat  flour  or  bread. 

(G)  The  food  value  of  the  two  kinds  of  bread,  as  measured  by  the 
Ileal  of  combustion,  is  practioally  the  same. 

REPORTS  ON  TRIALS  OF  THE  BREAD. 

The  baking  was  conducted  on  a  sufficiently  large  scale  to  produce 
more  than  250  loaves  from  each  flour.  This  was  done  in  order  that 
the  exx)eriment  might  be  conducted  in  a  practical  way,  just  as  ordinary 
commercial  bakings,  and  therefore  be  of  much  greater  value  to  the 
trade  generally',  and  also  in  order  that  an  opportunity  could  be  given 
for  a  complete  series  of  table  tests  of  the  bread  by  many  people  in 
different  parts  of  the  country.  When  the  bread  was  made,  two  loaves, 
one  of  the  durum  wheat  and  one  of  the  hard  spring  wheat  flour, 
were  sent  to  each  one  of  200  persons  living  outside  of  Washington, 
D.  C,  and  to  about  40  people  in  Washington,  D.  C,  for  inspection  and 
report  as  to  their  relative  merits.  A  reproduction  of  the  circular 
letter  accompanying  each  set  of  loaves  is  here  given,  in  which  it  will 
be  seen  that  there  was  no  intimation  whatever  of  the  bakery  with 
which  the  Department  cooperated  in  the  experiments  nor  of  the 
nature  of  the  flour  from  which  the  loaves  were  made,  it  merely  being 
stated  that  they  were  made  under  exactly  the  same  conditions  from 
two  different  flours. 

[Copy  of  circular  letter  ] 

Washington,  D.  C,  April  ~'7, 1003, 
Dear  Sir:  The  accompanying  two  loaves  of  hread,  marked  **  p  "  and  '*  X,"  were 
made  in  cooperation  with  a  large  bakery  under  exactly  the  same  conditions,  bnt 
from  different  flours.  To  aid  us  in  carrying  out  an  important  experiment,  will 
you  kindly  give  us  your  opinion  of  the  relative  merits  of  the  two  loaves  by  answer- 
ing the  questions  given  below  and  adding  your  name  and  address  in  the  spaces 
provided?  Then  inclose  the  sheet  in  the  return  envelope  and  mail  promptly  to 
this  Department,  no  postage  being  required. 

Very  truly  yours,  M.  A.  Carleton, 

-  CerecUist. 

Approved: 

A.  F.  Woods, 

Pathologist  and  Physiologist. 

1 .  Which  loaf  is  fresher? 

2.  Which  has  the  better  flavor? 

3.  Which  has  the  better  color? _ _ _ 

4.  Which  is  better  in  texture? - 

5.  Which  is  moister? ♦. -  - 

6.  Which  has  a  better  crust  in  color  and  taste? 

7.  Which  do  you  consider  to  be  more  nutritious? - 

8.  On  the  whole,  which  one  is  the  l)etter  loaf  of  the  two,  and  why?  _ . 

Remarks: 

Name..   ..   .    ..   

Address, - : 

4876— No.  70—04 s 
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The  persons  to  whom  the  loaves  were  sent  for  inspection  were  care- 
fully selected  and  include  the  most  prominent  millers,  bakers,  flour 
inspectors,  chemists,  and  teachers  of  domestic  science.  A  oonsensuji 
of  the  opinions  of  these  persons  ought  therefore  to  be  quite  reliable 
and  authoritative.  In  a  number  of  cases  the  persons  were  apparently 
much  interested  in  the  subject  and  voluntarily  gave  certain  informa- 
tion not  asked  for  in  the  circular  letter.  Over  200  i-eplies  were 
received  to  this  circular  letter,  a  greater  number  than  was  expected. 
The  promptness  exhibited  in  answering  the  letters  was  also  very 
gratifying.     A  summary  of  these  reports  is  interesting. 

Out  of  the  total  number  of  persons  answering  question  No.  1,  Which 
loaf  is  fresher?  100  answered  in  favor  of  X,  or  the  durum  wheat  loaf; 
60  in  favor  of  P,  and  39  thought  there  was  no  difference.  Concerning 
question  No.  2,  Which  has  the  better  flavor?  143  answers  were  favor- 
able to  X,  70  to  P,  and  4  thought  they  were  equal. 

Concerning  question  No.  3,  Which  has  the  better  color?  as  was  to 
be  expected,  quite  a  small  minority  of  answers  was  favorable  to  X, 
there  being  only  37,  while  150  favored  P,  and  3  thought  the  color  was 
equally  good  in  each.  As  to  question  No.  4,  Which  is  better  in  texture? 
103  decided  for  X,  84  for  P,  14  others  thinking  there  was  no  difference 
in  texture. 

As  to  the  question,  Which  is  the  moister?  134  decided  in  favor  of 
X,  53  in  favor  of  P,  and  17  thought  there  was  no  difference.  Ques- 
tion No.  6,  Which  has  the  better  crust  in  color  and  taste?  brought 
various  answers.  In  general  78  were  in  favor  of  X,  85  in  favor  of  P, 
and  21  thought  there  was  no  difference.  As  a  matter  of  fact,  how- 
ever, many  of  the  answers  were  divided,  as  one  might  have  supposed, 
saying,  usually,  that  in  X  the  taste  was  better  and  in  P  the  color  was 
better. 

In  asking  question  No.  7,  Which  do  you  consider  to  be  more  nutri- 
tious? it  was  not  expected  that  an  accurate  answer  could  always  be 
given,  though  it  was  supposed  that  in  some  cases  analyses  would  be 
made,  but  simply  from  previous  association  it  was  thought  that  each 
one  might  have  some  idea  as  to  the  better  nutrition  of  the  one  or  the 
other.  Naturally,  therefore,  many  did  not  answer  this  question.  Of 
the  answers  given  106  favored  X,  35  favored  P,  and  2  thought  there 
was  no  difference. 

Finally,  as  giving  the  general  weight  of  opinion  favorable  to  one 
loaf  or  the  other,  108  persons  answered  question  No.  8  in  favor  ol' 
X,  74  in  favor  of  P,  and  2  answered  that  there  was  no  difference. 
The  general  opinion^  therefoi-e,  of^the  relative  value  of  the  durum 
wheat  loaf  as  against  that  made  from  other  flour  is  108  to  7-4  in  favor 
of  the  durum  wheat  loaf  As  already  observed,  however,  in  two  par- 
ticular characters,  namely,  that  of  color  and  that  of  color  and  tast<» 
of  the  crust,  the  answers  were  unfavorable  to  the  durum  wheat  loaf; 
in  all  other  characters  the  answers  were  in  a  large  majority  of  case^ 
in  favor  of  the  X  loaf. 
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As  a  number  of  tests  made  b^*^  ourselves  iu  the  Department  and 
preliminary  trials  made  by  the  establishment  which  did  the  bakinj^ 
scorned  to  show  rather  conclusively  that  the  particular  grade  of  durum 
wheat  flour  used  in  this  test  was  quite  inferior  to  flour  of  the  same 
class  of  wheat  used  before,  it  is  extremely'  interesting  and  rather 
remarkable  that  the  general  weight  of  opinion  of  these  competent 
persons  concerning  the  merits  of  the  two  losives  should  be  so  decidedly 
in  favor  of  the  X  or  durum  wheat  loaf. 

To  show  the  authoritative  njiture  of  these  reports  on  the  samples  of 
bread  distributed^  it  will  be  proper  to  give  a  list,  as  follows,  of  the 
names  and  addresses  of  persons  to  whom  the  bread  was  sent  for  exam- 
ination and  from  whom  replies  were  received.  The  list  is  classified  in 
accordance  with  the  occupation  of  each  person  reporting.  There  are 
omitted  from  the  list  quite  a  number  of  names  of  people  who  were 
either  well  acquainted  with  the  circumstances  accompanying  the  bak- 
ing test  or  whose  experiences  have  not  been  such  as  to  qualify  them 
for  being  good  judges  in  the  matter. 

Following  is  the  list: 

Grain  dealers: 

John  H.  Wrenn  &  Co.,  Chicago.  111. 

Van  Dnsen-Harrington  Company,  Minneapolis,  Minn. 

B^Srfe,  Hanson  &  Co..  Chicago,  HI. ' 

H.  Poehler  Comx)any,  Minneapolis,  Minn. 

Knight,  Donnelley  Company,  Chicago,  111. 

Baranm  Grain  Company,  Minneapolis,  Minn, 
ifillers: 

W.  B.  Dnnwoody,  Joplin,  Mo. 

C.  Hojffman  &  Son,  Enterprise,  Kans. 

Sorenson  &  Son,  Tower  City,  N.  Dak. 

Canadian  County  Mill  and  Elevator  Company,  Elreno,  Okla. 

Hongen  Milling  Company,  Northwood,  N.  Dak. 

Crosby  Roller  Milling  Company,  Topeka,  Kans. 

Bowersock  Milling  Company,  Lawrence,  Kans. 

Omaha  Milling  Company,  Omaha,  Nebr. 

Aberdeen  Mill  Company,  Aberdeen,  S.  Dak. 

Kewton  Milling  and  Elevator  Company,  Newton,  Kans. 

Lincoln  Mill  Company,  Lincoln,  Nebr. 

Wells,  Abbot  &  Nieman,  Ord,  Nebr. 

B.  J.  Edwards,  Bnnker  Hill,  Kans. 

Farmers*  Mill  and  Grain  Company,  Milnor,  N.  Dak. 

Swanson  &  Larson,  Ft  ssenden,  N.  Dak. 

Hastings  Milling  Company,  Hastings,  Nebr. 

La  Junta  Milling  Comx)any,  La  Jnnta,  Colo. 

Henry  Lohse  &  Bro. ,  Elsie,  Nebr. 

Charles  Schreiner,  Kerrville,  Tex. 

Rnssell-Miller  Milling  Company,  Minneapolis,  Minn. 
.  Sheffield-King  Milling  Company,  Minneapolis,  Minn. 

Washburn-Crosby  Company,  Minneapolis,  Minn. 

F.  K.  Wing,  Ipswich,  S.  Dak. 

George  C.  Christian,  Redfield,  S.  Dak. 

Fargo  Boiler  Mill  Company^  Far^o,  N.  Dak. 

Arlington  Mill  Company,  Arlington,  S.  Dak. 
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Millers — Continued. 

Honey  Brothers,  Park  River,  N.  Dak. 

I.  R.  Andrews,  Indianola,  Nebr. 

Missouri  Valley  Milling  Company,  Bismarck,  N.  Dak. 

Moses  Brothers  Mill  and  Elevator  Company,  Great  Bend,  Kans. 

Burlington  Roller  Mills,  Burlington,  Colo. 

New  Century  Milling  Company,  Dallas,  Tex. 

I.  M.  Yost  Milling  Company,  Hays,  Kans. 

M.  Braun  &  Co.,  Wahpeton,  N.  Dak. 

Cain  Mill  Company,  Atchison,  Kans. 

Cando  Roller  Mills,  Cando,  N.  Dak. 

E.  X.  Knight,  Pierpont,  S.  Dak. 

Wagner  Milling  Company,  Milbank,  S.  Dak. 

L.  F.  Campbell,  Norcatur,  Kans. 

Kampeska  Milling  Company,  Watertown,  S.  Dak. 

J.  W.  Kelley  &  Son,  Huron,  S.  Dak. 

Imboden  Milling  Company,  Wichita,  Kans. 

Lamar  Mill  and  Elevator  Company,  Lamar,  Colo. 

York  Roller  Mills,  York,  Nebr. 

W.  C.  Leistikov,  Grafton,  N.  Dak. 

Elreno  Mill  and  Elevator  Company,  Elreno,  Okla. 

Hay  Springs  Milling  Company,  Hay  Springs,  Nebr. 

Pueblo  Flour  Milling  and  Elevator  Company,  Pueblo,  Colo 

Abilene  Mill  Company,  Abilene,  Tex. 

George  P.  Sexauer,  Brookings,  S.  Dak. 

New  Era  Milling  Company,  Arkansas  City,  Kans. 

Inter-Ocean  Mills,  Topeka.  Kans. 

Walnut  Creek  Milling  Company,  Great  Bend,  Kans. 

Texas  Star  Flour  Mills,  Galveston,  Tex. 

Ellendale  Milling  Company,  Ellendale,  N.  Dak. 

Charles  L.  Hyde,  Pierre,  S.  Dak. 

Crescent  Mill  and  Elevator  Company,  Denver,  Colo. 

Oakes  Milling  Company,  Oakes.  N.  Dak. 

W.  J.  Alsop,  Beloit,  Kans. 

Hungarian  Milling  and  Elevator  Company,  Denver,  Colo. 

Werkheiser-Polk  Mill  and  Elevator  Company,  Temple,  Tex. 

Cameron  Mill  and  Elevator  Comi)any,  Fort  Worth,  Tex. 

E.  W.  Kirkpatrick,  McKinney,  Tex. 

David  B.  Kirk  &  Co.,  Kansas  City,  Mo. 

Diamond  Milling  Company,  Grand  Forks,  N.  Dak. 

Gunther  Milling  Company,  San  Antonio,  Tex. 

Lee- Warren  Milling  Company,  Salina,  Kans. 

Foulds  Milling  Company,  Cincinnati.  Ohio. 
Bakers: 

August  C.  Junge,  Joplin.  Mo. 

Fleischmann's  Vienna  Model  Bakery,  New  York,  N.  Y. 

Ward-Mackey  Company,  Pittsburg,  Pa. 

Atlas  Bread  Company,  Milwaukee,  Wis. 

C.  H.  Burke  Baking  Company,  Nashua,  N.  H. 

S.  C.  Billings,  Valparaiso,  Ind. 

Eraser  &  McMillan,  Burlington,  Vt. 

Gordon  Smith,  Mobile,  Ala. 

J.  F.  Whiteside,  Louisville,  Ky. 

Joseph  Reuther,  New  Orleans,  La. 

E.  A.  Dexter,  Springfield,  Mass. 
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Bakers— Con  tinned . 

B.  Howard  Smith,  Kansas  City,  Mo. 
George  Rnshton,  Rosedale,  Kans. 
O.  G.  Marjenhoff,  Charleston.  S.  C. 
H.  Kom  &  Sons,  Davenport,  Iowa. 
A.  A.  White,  Baltimore,  Md. 

J.  W.  Swint,  East  Boston,  Mass. 
Fergnson  Bros.,  Boston,  Mass. 

C.  F.  Hathaway,  Cambridge.  Mass. 
Charles  Trefzger,  Peoria,  HI. 

Ohio  Baking  Company,  Cleveland,  Ohio. 

Charles  W.  Kolb,  Philadelphia,  Pa. 

Frank  R.  Shefiard,  Charlestown,  Mass. 

Collins  Baking  Company,  Buffalo,  N.  Y 

T.  W.  Rnssell,  Binghamton,  N.  Y. 

P.  Schmidt,  Baltimore,  Md. 

John  £.  Endlich,  Port  Huron.  Mich. 

Morton  Baking  Company,  Detroit,  Mich. 
.  S.  S.  Thompson  &  Co.,  New  Haven,  Conn. 

Freihofer  Vienna  Baking  Company,  Philadelphia,  Pa 

Campbell-Sell  Baking  Company.  Denver,  Colo. 

John  Schneider's  Son  &  Co.,  Cincinnati,  Ohio. 

A.  A.  Du  Ban,  Philadelphia,  Pa. 
Teachers  and  experts  in  domestic  science: 

Prof,  Jane  A.  L.  Zabriskie,  College  of  Agrtcnltnre,  State  University,  Colum- 
bia, Mo. 

Prof.  Abby  L.  Marlatt,  Manual  Training  School,  Providence,  R.  I. 

Mrs.  Nellie  Kedzie-Jones,  Berea,  Ky. 

Prof.  Anna  M.  Gilchrist,  Agricultural  College,  State  University,  Knoxville, 
Tenn. 

Prof.  Gertrude  Cobum,  Bradley  Polytechnic  Institute,  Peoria,  El. 

Miss  Maria  Parloa,  204  West  Eighty-third  street,  New  York,  N.  Y. 

Prof.  Isabel  Bevier,  State  University,  Urbana,  111. 

Miss  Florence  R.  Corbett,  supervisor  of  domestic  scienc^e,  Kings  (^/Ounty  Hos- 
pital, Brooklyn,  N.  Y. 

Miss  Emma  S.  Jaco*l)s,  Manual  Training  School,  Washington,  D.  C. 

Prof.  Edith  A.  Mclntyre,  Agricultural  College,  Manhattan,  Kans. 

Prof.  Maude  M.  Gardiner,  Agricultural  College,  Stillwater,  Okla. 

Miss  Fannie  M.  Farmer,  School  of  Cookery,  Boston,  Mass. 

Prof.  Ellen  H.  Richards,  Massachusetts  Institute  of  Technology,  Boston,  Mass. 

Miss  Sophronia  Maria  Elliott,  Simmons  College,  Boston,  Mass. 

Prof.  Susan  M.  Reid,  Agricultural  College,  Fargo,  N.  Dak. 

Prof.  Minnie  A.  Stoner,  College  of  Agriculture,  State  University,  Columbus, 
Ohio. 

Miss  Lillian  M.  Wilson,  Tome  Institute,  Port  Deposit,  Md. 

Mrs.  Mary  J.  Lincoln,  editor  American  Kitchen  Magazine,  2H  Oliver  street, 
Boston,  Mass. 

Mrs.  Sarah  T.  Rorer,  Philadelpliia  Cooking  School,  1715  Chestnut  street, 
Philadelphia,  Pa. 

Prof.  Juniata  L.  Shepi)erd,  Agricultural  College*,  St.  Anthony  Park,  Minn. 
Chemists  and  flour  experts: 

Dr.  H.  W.  Wiley,  Department  of  Agriculture,  Washington,  D.  C. 

C.  E.  Foster,  flour  expert.  Consolidated  Milling  Company,  Minneapolis,  Minn. 

Prof.  Harry  Snyder,  Agricultural  College,  St.  Anthony  Park,  Minn. 
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Chemists  and  flour  experts— Continued. 

John  H.  Julicher,  flour  expert,  PiUsbury-Washbum  Flour  Mills  Company, 
Minneapolis,  Minn. 

Prof.  J.  H.  Shepard,  Agricultural  College,  Brookings,  S.  Dak. 

Prof.  E.  F.  Ladd,  Agricultural  College,  Fargo,  N.  Dak. 

Prof.  J.  T.  Willard,  Agricultural  College,  Manhattan,  Eans. 
Technical  journals: 

Roller  Mill,  Buffalo,  N.  Y. 

Modern  Miller,  St.  Louis,  Mo. 

Baker's  Helper,  Chicago,  111. 

American  Miller,  Chicago.  111. 

Of  the  six  grain  dealers  reporting  four  considered  the  duram  wheat 
loaf  X  to  be  the  better,  while  the  other  two  favored  the  hard  spring 
wheat  loaf  P. 

The  number  of  millers  to  whom  the  samples  were  sent  was  larger 
than  that  of  any  other  class.  As  would  be  expected,  particularly 
with  a  new  grain,  the  majority  of  the  millers  favored  the  loaf  P,  the 
result  standing  38  to  25  in  favor  of  P,  while  a  number  gave  no  decided 
opinion  either  way.  In  the  face  of  much  opposition  by  many  millers 
to  the  durum  wheat  up  to  that  time,  it  is  a  surprise  that  there  should 
be  so  small  a  majority  in  favor  of  the  loaf  P,  unless  it  be  that  such 
opposition  was  not  well  founded.  It  is  of  interest  to  note  also  that  a 
large  number  of  those  deciding  against  the  loaf  X  are  millers  residing 
in  the  soft  winter  wheat  district.  On  the  other  hand,  a  large  number 
of  those  favoring  the  loaf  X  are  millers  of  hard  winter  wheat. 

Of  the  bakers  to  whom  samples  were  sent,  33  made  reports,  18  decid- 
ing in  favor  of  the  loaf  P,  13  favoring  the  loaf  X,  and  2  giving  no 
decided  opinion.  Hero  again  the  majority  in  favor  of  the  loaf  P  is 
not  nearly  so  large  as  one  would  expect  in  consideration  of  the  decided 
preference  among  bakers  generally  for  a  white  flour  and  a  white  loaf. 
It  is  a  fact  of  the  utmost  importance  that  in  the  reports  of  both  the 
bakers  and  the  millers,  if  one  were  to  leave  out  entii'ely  the  one  quality 
of  color,  there  would  be  a  very  large  majority  decidedly  in  favor  of 
the  loaf  X,  it  being  so  much  better  in  all  other  important  points.  In 
very  many  instances  the  statement  was  made  that  while  the  party 
personally  preferred  the  loaf  X,  and  that  in  all  essential  points  it  'was 
really  the  better,  yet  commercially  the  loaf  P  would  be  better.  As 
the  important  thing  with  the  baker  or  miller  is,  of  course,  the  money 
value  of  the  flour  or  bread,  these  reports  were  all  set  down  as  in  favor 
of  the  loaf  P,  though,  as  a  matter  of  fact,  judging  from  the  intrinsic 
value,  the  decision  would  really  be  in  favor  of  the  loaf  X.  When  we 
consider,  as  discussed  later  on,  the  relative  nature  of  the  quality  of 
color — it  being  so  easy  to  produce  a  loaf  whiter  or  more  yellow  as  one 
chooses — the  conclusion  is  inevitable  that  the  reports  of  even  the 
bakers  and  millers,  who  are  the  persons  most  concerned  in  handling 
the  wheat,  are,  as  a  matter  of  fact,  overwhelmingly  in  favor  of  the  X 
loaf. 

Now  we  come  to  tlie  class  of  people  who  are  perhaps  really  more 
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competent  to  give  exact  opinions  of  the  relative  value  of  the  two 
kinds  of  bread  than  any  of  those  already  mentioned,  namely,  the 
teachers  and  experts  in  domestic  science,  since  they  are  not  influ- 
enced from  the  financial  standpoint  and  therefore  do  not  consider 
seriously  the  trade  value  of  the  comparatively  unimportant  quality 
of  color.  At  the  same  time  they  have  studied  carefully  both  what  is 
actually  wanted  in  the  home  from  the  standpoint  of  attractiveness 
and  taste  and  also  the  actual  dietetic  value  of  different  kinds  of  bread. 
It  is  significant,  therefore,  to  note  that  of  the  20  persons  of  this  class 
reporting  upon  the  samples  12  decided  in  favor  of  the  loaf  X  and  4  in 
favor  of  the  loaf  P,  while  the  remaining  4  gave  no  decided  prefer- 
ence, making  a  majority  of  4  in  favor  of  the  loaf  X  out  of  the  entire 
number  reporting. 

Of  the  7  chemists  and  fiour  experts  reporting  2  gave  an  opinion 
simply  upon  the  household  use  of  the  bread  without  regard  to  the 
technical  qualities  of  the  two  kinds,  and  their  answers  are,  therefore, 
not  reckoned,  although  they  were  in  favor  of  the  loaf  X.  Of  the 
remaining  five,  3  decided  in  favor  of  the  loaf  X  and  2  in  favor  of 
the  loaf  P. 

Of  the  technical  journals  reporting  2  favored  the  loaf  P,  1  the  loaf 
X,  and  the  fourth  gave  no  decided  preference. 

Quotations  from  particularly  interesting  reports, — It  will  now  be 
well  to  give  in  detail  some  of  the  reasons  for  deciding  in  favor  of  the 
loaf  X  on  the  part  of  a  number  of  those  who  so  reported.  First, 
answers  from  two  of  the  grain  dealers  will  be  noted,  one  stating  that 
X  is  the  better  of  the  two  loaves  because  it  '*is  lighter  and  not  so 
soggy  as  P,  and  is  apparently  made  better;  I*  has  not  the  life  of  X." 
The  other  answers  that  ''there  is  a  marked  difference,  as  indicated 
above,  in  favor  of  X.  I  eat  bread  for  pleasure  and  not  as  a  medi- 
cine.    X.is  delicious;  P  is  not." 

Some  of  the  answers  from  millers  are  as  follows:  (1)  "X  is  better 
on  account  of  being  fresher  and  moister  and  has  the  better  flavor, 
while  P  is  whiter  and  has  a  better  crust.  Neither  of  the  loaves  seems 
to  be  made  from  Kansas  hard  winter  wheat  flour,  as  they  lack  the 
nutty,  sweet  taste."  (2)  "X  has  retained  moisture  better,  has  thinner 
crust  and  better  flavor,  and  is  one-half  ounce  heavier,  which,  if  the 
same  amount  of  flour  was  used,  is  in  its  favor.  Would  judge  that  X 
is  made  from  hard  wheat  and  P  from  soft.  Are  we  correct?"  (3)  "  X 
has  better  strength  and  is  more  nutritious.  Yy  opinion  is  that  the 
loaf  marked  X  is  made  from  hard  winter  wheat.  Would  you  kindly 
inform  me  how  near  I  am  correct?"  (4)  "X  is  better.  We  judge  it 
is  made  of  hard  wheat,  while  P  is  made  of  soft  wheat." 

We  quote  from  reports  of  the  bakers  as  follows:  (1)  "X  is  better 
because  it  is  better  in  all  the  points  but  color  and  will  ke6p  longer 
than  P."  (2)  "X  is  the  better  loaf;  flour  should  be  tried  without 
shortening  of  any  kind;  flour,  yeast,  salt,  and  water  only  should  be 
used.     P  makes  a  larger  loaf,  and  by  the  proper  experiment  (?)  in 
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bakiug  might  be  of  greater  eoinmercial  value  to  the  baker. '^  (3)  "X 
would  sell  better,  because  of  -a  rich  appearance;  looks  like  a  good 
spring  wheat,  while  1*  looks  like  a  winter  wheat.  P  would  not  give 
so  good  a  yield;  would  not  take  as  much  water."  (4)  '*  X  is  the  better 
if  you  eat  with  your  palate;  P  if  you  t.ast,e  with  your  eyes."  (5)  "X 
is  more  even  and  better  molded;  better  fermentation.  A  iitraight 
dough  with  less  fermentation  would  improve  this  loaf,  it  seems  t<) 
us."  (0)  '*I  think  X  is  better  because  it  lias  more  body."  (7)  "We 
find  X  the  better  loaf  of  the  two,  being  fresher,  moister,  and  better 
in  flavor,  color,  texture,  and  in  color  and  taste  of  the  cnist." 

A  teacher  of  domestic  science  answers  the  (questions  in  the  circular 
letter  as  follows,  viz:  "(1)  *P.'  (2) '  X '  has  rich  nutty  flavor,  while  '  P' 
tastes  sour.  (3)  'X;'  (*P'  is  more  nearly  white).  (4)  *  X  '  has  fine, 
even-sized^ cells;  walls  elastic.  (5)  *P.'  (0)  *X'  is  smooth,  firm,  and 
sweet.  (7)  Answer  must  be  a  guess — *  X.'  (8)  '  X,'  in  my  judgment, 
is  the  better  loaf,  in  flavor  iKung  nutty  and  not  coarse  in  texture. 
The  question  of  color  is  not  so  important  as  flavor  and  texture,  there- 
fore, though  *  P '  is  more  nearly  white,  I  prefer  the  yellow-white  hue 
of 'X.'"  ^ 

A  second  teacher,  in  answer  to  question  No.  8,  says:  ** '  X,'  l)ecAuse 
the  grain  is  finer  and  more  uniform,  the  texture  firmer  and  more 
elastic,  the  flavor  sweeter  and  more  satisfactory,  and  has  evidence  of 
being  a  better  mixed  dough.  Crumb  when  rolled  between  fingers 
does  not  pack  as  *  P '  does." 

A  third  teacher  says:  **  *  X  '  is  better;  it  is  an  evenly  porous,  moist 
loaf  with  a  decided  but  not  objectionable  flavor.  Loaf  'P'  is  lighter 
in  weight  but  hirger  in  bulk  than  loaf  *X.'  *P'  weighed  15  ounces 
light;  *  X'  15 J  ounces  heavy,  due  probably  to  loss  of  moisture,  as  *P' 
is  drier." 

Another  teacher,  a  well-known  writer  in  domestic  science,  says: 
"  'X'  is  better,  because  it  will  wear  better;  will  require  less  addition 
of  butter  or  jam  to  make  it  palatable." 

Another  says:  *'  *  X'  is  better,  because  the  texture  is  finer,  showing 
more  even  distribution  of  gas  and  less  coarse;  more  of  wheat  pres- 
ent, giving  color,  flavor  less  like  sawdust.  Better  baked,  less  salvy 
or  clammy." 

Another  states  that  **  *X'  is  better,  as  it  seems  to  have  more  sub- 
stance and  is  less  dr}^  and  less  chippy  than  *P.'" 

The  following  reports  from  two  of  the  chemists  and  flour  experts 
have  already  been  made  public  through  correspondence  in  the  North- 
western Miller  (see  issue  of  October  7,  r.K)3),  and  are  here  reproduced 
as  follows,  viz: 

Rejyorf  No,  1. 

Question  No.  1.  No  apparent  different^e  when  re<'eived  May  1:  X  showed  higher 
moisture  content. 

Qnestion  No.  2.  X  sctmed  to  hold  its  flavor  better. 

Qnestion  No.  8.  P,  white:  X,  slight  yellow  tinge:  X,  better  color. 
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Question  No.  4.  X. 

Qnestion  No.  5.  Water— May  2,  1903—3  p.m.,  X  showed  33.40  and  P  32.80  per 
cent. 

Question  No.  6.  X. 

Question  No.  7.  Can  not  be  told  from  inspection. 

Question  No.  8.  X,  more  normal  loaf,  better  fermentation  development;  P, 
crust  more  like  a  crac;ker. 

Remarks:  Total  proteids  (on  dry  matter) — ^X.  13.01  per  cent;  P,  13.67  per  cent. 
Asb  and  salt— X,  2.23  per  cent;  P,  2.04  per  cent.  Weight  when  received  May  1, 
1  p.  m. — P.  388.50  grams,  42.20  per  cent  water;  X,  434.40  grams,  43.60  per  cent 
•w^ter.     Size  of  loaf — P,  14A  by  20^  inches;  X,  144^  by  20^  inches  (one  comer  low). 

Rejxyrt  No.  J, 

Question  No.  1 .  X  loaf  is  perfectly  sweet:  P  loaf  is  mnsty. 

Question  No.  2.  X  has  the  better  flavor. 

Question  No.  3.  P  is  the  whiter;  X  is  creamy  white,  an  indication  of  high 
quality. 

Qne.stion  No.  4.  P  loaf  has  the  better  texture. 

Question  No.  5.  P  loaf,  44.79  per  cent  water;  X  loaf,  44.58  per  cent  water. 

Question  No.  6.  X  loaf  is  decidedly  the  better. 

Question  No.  7.  X  loaf  not  analyzed;  X,  13  per  cent  proteids  only;  P,  14.04  per 
cent  proteids. 

Question  No.  8.  X  loaf  appears  to  have  been  made  from  spring  wheat  flour  of 
good  quality.  P  loaf  is  a  blend  of  spring  and  winter  wheat  flour.  A  gray  white 
in  the  loaf  is  the  indication  of  inferior  quality  in  flour.  X  loaf  shows  that  fer- 
mentation has  not  been  continued  long  enough  to  destroy  the  nutritious  elements. 

Remarks:  A  little  explanation  is  due,  as  I  started  to  fill  out  your  blanks  before 
thorough  investigation.  The  X  loaf  has  2.26  x)er  cent  salt,  and  P  2.02  per  cent. 
X  has  44.58  per  cent  moisture,  and  P  44.79  per  cent,  so  it  is  clear  that  fermenta- 
tion had  not  proceeded  as  far  in  X  as  in  P,  being  retarded  by  extra  salt  and  a 
tighter  sponge.  The  proteids  being  hightr  in  the  P  loaf  seems  to  spoil  my  asser- 
tion on  blank  as  to  nutrition;  however,  conditions  being  equal.  I  should  claim 
same  preference. 

In  size  X  equals  25.10  by  15.45  inches:  P  equals  24.90  by  15.10  inches.  Color  of 
X  yellow  white,  texture  fair,  flavor  good.  Color  of  P,  gray  white;  texture,  good; 
flavor,  flat(?)  musty. 

It  will  be  of  further  interest  to  quote  portions  of  tlie  reports  of 
others  who  really  decided  against  the  loaf  X,  because  of  certain  sig- 
nificant statements  made  or  because  of  the  general  importance  of  the 
remarks.  An  answer  of  one  of  the  milling  journals  is  that  "  P  is  the 
better  loaf  commercially,  because  whiter  and  it  looks  lighter,  but  X 
would  satisfy  the  family  better  where  home  baking  is  carried  on." 
\)ne  of  the  best-known  writers  on  cooking  and  domestic  science,  after 
fllling  out  the  report,  comments  as  follows: 

I  suppose  you  realize  that  bread  made  as  were  these  two  loaves  does  not  give 
the  best  results.  If  the  bread  was  not  risen  so  much,  was  made  in  smaller  loaves, 
and  was  baked  more  thoroughly,  giving  less  crumb  and  more  crust,  I  am  inclined 
to  think  that  X  would  lose  that  wild  taste  and  come  out  of  the  oven  a  sweet,  nutty 
loaf.  Could  you  not  have  the  flours  tried  with  real  French  bread  or  family  bread 
made  in  small  loaves  and  thoroughly  baked?  It  is  wonderful  the  difference  that 
the  shape  and  size  of  the  loaf  and  the  baking  makes  in  the  flavor  of  the  wheat. 


58  OOMMKRCIAL   STATUS   OF    DURUM    WHKAT. 

Of  course  it  is  understood  also  that  the  doagh  shall  not  be  raised  so  much  as  to 
dastroy  the  fine  flavor  of  the  wheat.  As  a  nation  we  need  to  learn  the  value  of 
the  small  loaf,  not  too  mnch  risen  and  thoroughly  baked  at  a  fairly  high  temper- 
ature. 

A  well-known  baking  company  in  Philadelphia  comments  as  fol- 
lows :  "  P  is  the  better  loaf  because  of  the  fact  that  the  loaf  marked  X 
was  taken  before  given  proper  proof.  It  is  our  opinion  that  had  the 
dough  of  the  loaf  marked  X  had  proper  proof — that  is  to  say,  a  little 
more  proof — it  would  have  made  the  betterloaf  of  bread." 

Another  prominent  baking  company  statues  that  'Mhe  loaf  marked 
* P'  is- the  better  loaf  of  the  two.  The  loaf  marked  'X'  seemed  to  be 
richer  in  sugar  and  fat.  The  color  of  the  crumb  in  *  X '  is  too  yellow  or 
creamy  and  that  of  *P'  could  be  a  little  more  creamy.  A  little  less 
sugar  and  shortening  in  baking  the  *X'  flour  might  give  the  same 
results  as  in  the  *P.'" 

A  New  York  baker  writes :  "Pis  the  better  loaf,  because  of  its  pure 
milk  ingredient  as  against  the  greasier  shortening  iu  X."* 

A  Texas  milling  company  says  that  **  P  has  the  better  appearance 
and  smells  and  tastes  more  natural.  Both  loaves  are  very  good 
bread,  but  X  tastes  and  smells  like  bread  made  from  very  hard  wheat 
flour." 

Another  Texas  milling  company  writes  that  "P  is  the  better  loaf, 
because  it  is  more  moist,  having  a  flavor  similar  to  bread  made  with 
milk.  It  is  whiter  and  better  develope<l.  The  loaf  X  seems  to  be 
made  of  a  strong  hard  wheat  flour,  which  makes  a  large  loaf,  but 
dries  quickly  when  exposed  to  air."     (See  Table  11.) 

A  North  Dakota  milling  company  makes  the  following  rather  inter- 
esting comment: 

P  is  the  better  loaf.  These  two  loaves  are  just  like  two  we  had  on  a  test  from 
macaroni  flour  and  Bluestem  flour.  In  our  test  we  found  the  Bliiestem  flonr 
made  somewhat  the  larger  loaf  and  weighed  a  little  more.  I  think  X  is  made 
from  macaroni  flour  and  will  hold  moisture  longer.  Macaroni  wheat  will  not 
make  as  much  flour  per  bushel,  though,  by  5  pounds. 

RESULTS   OF   OTHER  TESTS. 

Other  bakeries  in  Washington,  D.  C,  made  trials  of  the  durum 
wheat  flour  for  bread  with  results  rather  similar  to  those  obtained  in 
the  large  baking  tests  already  described.  A  considerable  amount  of 
durum  wheat  flour  milled  by  another  prominent  milling  company  in 
Minneapolis  was  afterwards  obtained  b^^  the  Department  of  Agricul- 
ture and  distributed  to  several  bakeries  and  also  to  a  number  of  fami- 
lies. Some  of  this  flour  was  used  in  another  baking  test  by  the  firm 
which  cooperated  in  the  tests  described  in  this  bulletin,  and  the  results 
were  even  more  satisfactory  than  in  previous  tests.  This  flour  appeared 
to  be  the  best  that  had  yet  been  used  in  any  of  the  baking  tests  with 


«  As  a  matter  of  fact,  the  same  kinds  jmd  a'nounts  of  ingredients,  proportionaUy. 
were  used  in  both  cases.     (See  Tablo  1  ). ) 
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i^hich  the  Department  was  concerned.  A  chemical  examination  of 
this  flour  was  made  along  with  other  flours  and  is  reported  in  the  pre- 
ceding chapter  on  that  subject.  (The  bread  from  this  second  flour  is 
illustrated  in  Plate  V.) 

During  1903,  a  number  of  experiments  were  made  by  Prof.  George 
L.  Teller,  of  Chicago,  in  the  use  of  durum  wheat  flour  for  bread  in 
comparison  with  other  flours.  As  one  of  the.«e  series  of  experiments 
is  particularly  interesting  and  bears  closely  upon  the  subject  under 
discussion,  it  will  be  desirable  to  quote  the  published  results  from  the 
American  Miller  of  October,  1903.  Professor  Teller  published  these 
results  under  the  title  "Flour  from  Macaroni  Wheat."  A  portion  of 
the  article  is  here  presented  as  follows: 

In  these  experiments  the  macaroni  wheat  flour  was  used  in  connection  with  one 
of  the  best  known  brands  of  Minneapolis  spring  wheat  patent  flour  purchased  from 
a  large  grocery  in  Chicago.  Being  used  as  a  basis  of  comparison  in  the  report 
it  is  called  ''  standard  flour."  The  other  flours  are  shown  in  the  report  by  num- 
bers, and  are  as  follows: 

No.  1  is  a  sample  of  pure  macaroni  wheat  flour. 

No.  2  is  a  flour  produced  by  blending  one  part  of  macaroni  wheat  flour  with 
two  parts  of  the  standard  flour. 

No.  3  is  the  same  as  No.  2,  except  that  instead  of  mixing  the  two  flours  in  the 
dry  before  making  them  into  bread  the  macaroni  was  first  made  into  a  sponge. 
and  when  the  sponge  had  properly  developed  the  remaining  flour  (the  standard 
spring  patent)  was  added  to  complete  the  dough. 

*  Comparative  results. 
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The  macaroni  wheat  flour  has  a  much  higher  ash  and  a  little  lower  gluten 
than  the  standard.  The  absorption  is  1  per  cent  more,  but  the  flour  was  enough 
drier  to  make  them  ordinarily  about  equal  in  this  respect.  The  color,  though  of 
a  very  dark  shade,  is  quite  clear,  so  that  the  dark  color  of  the  loaf  is  much  less 
objectionable  than  it  would  be  if  due  to  the  presence  of  a  lower  grade  of  flcur. 
The  loaf  of  the  macaroni  wheat  flour  is  considerably  smaller  than  that  of  the 
standard,  but  except  for  the  darker  color  is  of  good  quality. « 


f  On  this  paragraph  the  writers  would  remark  that  the  statements  concerning 
glutrn  content,  absor^  tion,  and  color  of  the  flour  certainly  could  not  be  made  of 
general  application,  however  true  they  may  be  with  re8i)ect  to  these  particular 
experiments.  Ordinarily  the  gluten  content  is  higher  in  the  durum  wheats  when 
grown  in  the  localities  to  which  they  are  adapted,  and  in  normal  seasons  the  absorp- 
tion would  be  still  greater  than  the  difference  shown  in  these  experiments.  But 
it  is  particularly  erroneous  in  general  to  say  that  the  durum  wheat  bread  or  flour 
is  dark.  It  is  simply  more  creamy  in  color,  as  stated  in  the  next  paragraph,  but 
would  have  to  be  grayish  or  brown  to  be  considered  dark. 
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By  using  the  macaroni  flour  in  the  sponge  and  the  spring  wheat  patent  to  com- 
plete the  (lough  the  loaf  was  as  large  as  that  from  the  spring  wheat  patent  alone, 
and  in  quality  was  equal  to  it  in  all  particulars.  <•  The  bread  was  a  little  more 
creamy  in  color,  which  improved  the  appearance  rather  than  injured  it.     *    ♦    ♦ 

Notwithstanding  the  vigorous  opposition  which  macaroni  wheat  has  developetl 
in  certain  sections,  it  is  quite  apparent  at  the  present  time  that  flour  from  this 
wheat  will  serve  a  useful  purjKXse  in  bread  making. 

Ill  the  numerous  family  bakings,  whenever  a  sponge  was  ma<le, 
it  was  always  a  particular  surprise  that  such  a  large  loaf  could  lie 
obt-iiined.  There  was  usually  little  difference  in  the  size  of  the  loaf 
and  that  of  bread  made  from  any  ordinary  good  flour. 

It  will  be  of  interest  in  this  connection  to  quote  the  results  of  a 
test  of  this  kind  of  flour  made  independently  by  a  well-known  Minne- 
apolis bakery.  In  the  following  st^atement  is  quoted  a  portion  of  the 
report  of  this  test,  taken  from  the  Minneapolis  Journal  of  September 
1,  1003: 

August  31 ,  1903.  Dough  No.  1 ,  special  bread  made  from  pure  macaroni  wheat 
flour,  should  produce  36  loaves:  produced  37  loaves.  Quantity:  24  x>ounds  maca- 
roni wheat  patent  flour.  A  pound  lard,  6  ounces  salt,  3  ounces  sugar,  16  poands^ 
water,  4  ounces  yeast.  Dough  made  at  6  a.  m.  Temi>erature,  84°  F.  Dough 
taken  12  m. 

Macaroni  blend  liread.  Date,  August  31,  1903.  Dough  No.  2,  special  blend 
bread.  Quantity:  11  pounds  flour,  13  pounds  macaroni  wheat  flour,  8  pounds 
water  for  sponge,  8  pounds  water  for  dough,  i  i)ound  lard,  6  ounces  salt.  3  ounces 
sugar,  3  ounces  yeast.  Sponge  set  at  6.10  a.  m.  Temperature,  90°  F.  Dough  made 
9.30  a.  m.    Temi)erature,  84"  F.     Dough  taken  at  12  m. 


Tlie  foreman  of  the*  bakery-  says,  concerning  the  tests: 

I  hereby  certify  that  I  have  made  bread  out  of  pure  macaroni  wheat  flour  and 
also  out  of  a  lileiid  of  one-half  macaroni  wheat  and  one-half  hard-wheat  patent 
flour,  and  that  I  like  the  macaroni  bread  very  much  indeed.  The  bread  is  a  little 
more  cream  colored  than  hard- wheat  bread  and  looks  as  though  the  sponge  had 
been  set  in  milk  instead  of  water,  but  it  is  sweeter  and  more  nutritious  than  ordi- 
nary bread. 

« 

REMARKS   ON   THE   VARIOUS   ( -HEMIC AL  AND   BAKING   TESTS. 


The  results  of  the  different  chemical  and  baking  tests  of  durum 
wheat  flour  for  bread  in  comparison  with  good  hard  spring  wheat  and 
hard  winter  wheat  seem  to  justify  the  following  general  conclusions 
concerning  the  use  of  durum  wheat  flour.  In  general,  the  least  that 
can  be  said  of  the  durum  wheat  flour  is  that  on  an  average  it  makes 
as  good  bread  as  the  average  of  hard  spring  and  hard  winter  wheat 
flours.  It  has  been  seen  already  in  the  discussion  of  the  chemical 
tests  of  tlie  different  flours  that  there  is  often  very  little  difference  in 
quality  between  the  durum  wheat  and  the  other  hard  wheat  flours. 
Also,  one  of  the  most  strikinjr  things  about  the  reports  on  the  samples 


«  With  the  use  of  a  sponge  perhaps  the  pure  duinim  wheat  flour  would  still  have 
made  just  as  large  a  loaf.     (See  the  se(^ond  following  paragraph.) 
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of  bre^vd  distributed  in  the  large  baking  test  is  that  so  often  very  little 
difference  pould  be  detected  between  the  two  kinds  of  bread.  Some- 
times even  in  tasting  the  bread,  if  the  party  were  blindfolded  he  would 
make  a  mistake  in  deciding  which  was  the  durum  wheat  bread  and 
which  the  ordinary  brea<l.  As  already  stated  in  preceding  pages,  prob- 
ably the  chief  reason  for  the  similarity  of  the  durum  wheat  flour  and 
bread  to  that  of  ordinary  hard  wheat  in  all  the  different  tests  made  at 
this  time  is  that  the  past  two  seasons  in  the  West  and  Northwest  have 
been  unusually  wet,  the  humidity  particularly  being  unusually  great 
in  many  localities.  As  the  durum  wheat  is  especially  adapted  to  dry 
regions,  such  seasons  would,  of  course,  t«nd  to  bring  it  down  to  a  level 
with  the  ordinary  hard  wheat.  At  the  same  time  there  are  certain 
spoeial  qualities  in  which  the  durum  wheat  bread  is  much  superior  to 
any  other  bread.     These  are  as  follows: 

(1)  All  the  testimony  is  to  the  effect  that  the  durum  wheat  bread  is 
considerably  sweeter,  when  the  same  amount  of  sugar  is  xised  in  the 
dough,  than  bread  made  from  other  hard  wheafs.  A  member  of  a 
reliable  baking  company  has  informed  the  writers  that  if  a  certain 
quality  of  durum  wheat  coxild  always  be  obtained  practically  no  sugar 
would  be  needed  in  making  bread  from  it.  Even  at  the  low  price  of 
sugar  this  difference  would  amount  to  a  very  large  saving  in  expense 
where  a  large  output  of  loaves  is  made  daily. 

(2)  A  majority  of  the  reports  shows  that  the  durum  wheat  flour  has 
a  greater  absorption  than  other  flours.  This  difference  will  mean 
sometimes  an  addition  of  many  loaves  to  the  barrel  of  flour,  and,  of 
course,  the  difference  would  be  very  much  greater  in  an  average  sea- 
son than  it  has  been  during  the  last  two  seasons. 

(3)  From  numerous  careful  observations  on  the  loss  of  water  from  the 
different  breads,  it  is  found  that  the  durum  wheat  bread  retains  much 
more  moisture  for  a  week  or  more  than  bread  made  from  other  wheats. 
Afterwards  the  daily  loss  of  water  appears  to  be  about  the  same 
in  both  kinds  of  bread.  This  again  is  a  matter  equally  as  important, 
probably,  as  any  of  the  others  just  mentioned.  A  loaf  of  durum 
wheat  bread  cut  from  two  to  four  days  after  the  baking  appears  prac- 
tically as  fresh  as  an  ordinary  loaf  of  bread  cut  one  day  after  baking. 
Such  a  quality  is,  of  course,  of  the  greatest  value  in  shipping  bread 
or  in  furnishing  bread  to  the  Army  or  Navy  or  to  others  who  need 
often  to  preserve  their  bread  for  some  time. 

These  three  qualities  are,  of  course,  such  as  give  a  distinct  financial 
gain  to  the  baker,  while  the  first  and  third  are  desirable  to  the  con- 
sumer. 

(4)  Another  important  quality  in  the  durum  wheat  bread,  at  least 
for  many  i)eople,  is  that  with  the  same  amount  of  baking  a  much 
firmer  and  richer  crust  is  obtained.  To  many  the  crust  is  really  the 
important  part  of  the  bread,  though  there  is  a  considerable  difference 
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in  taste  in  regard  to  this  matter.     The  crust  has  a  deep  rich  brown 
<?olor  and  a  very  agreeable  flavor. 

(5)  One  would  naturally  suppose  that  the  most  important  quality  of 
all  would  be  the  actual  taste  or  flavor  of  the  bread,  and  the  evidence 
from  all  sides  is  overwhelmingly  in  favor  of  durum  wheat  bread  from 
this  standpoint.  The  condition  is  well  stated  by  one  of  the  baking 
companies  ah-eady  quoted  in  the  statement,  '*X  is  the  better  if  you 
eat  with  your  palate;  P,  if  you  taste  with  your  eyes." 

(6)  While  there  was  no  intimation  whatever  of  the  nature  of  the 
experiment  when  the  loaves  were  distributed  for  examination  in  the 
cooperative  baking  test,  it  is  very  interesting  to  note  how  well  a  num- 
ber of  parties  guessed  the  kind  of  wheat  from  which  each  of  the  two 
loaves  was  made,  though  it  is  also  true  that  in  a  few  cases  the  guesses 
were  radically  wrong.  In  nearly  all  cases  the  supposition  was  that 
the  durum  wheat  bread  was  made  from  a  rather  hard  wheat  flour  and 
the  other  from  flour  of  a  softer  wheat.  In  a  number  of  cases  guesses 
were  made  that  there  was  more  sugar  or  shortening  used  in  making 
the  durum  wheat  bread  than  in  the  other,  which  is,  of  course,  accounted 
for  by  the  fact  of  the  greater  amount  of  sugar  and  other  carbohj'drates 
existing  naturally  in  the  durum  wheat  flour. 

THE  COLOR  OP  FLOUR  AND  BREiLD. 

It  soon  becomes  evident  that  the  strongest  objection  made  to  durum 
wheat  flour  is  against  its  color.  Opinions  from  all  sides  show  at  once 
that  given  the  proper  color  the  bread  from  such  flour  would  meet  with 
universal  favor.  A  thorough  study  of  the  situation  further  shoe's, 
however,  that  the  matter  of  color  is  a  purely  relative  one  and  is 
almost  entirely  under  the  control  of  the  baker. 

It  is  evident  that  a  very  large  part  of  the  secret  of  success  in  pro- 
ducing white  bread  is  chiefly  in  the  manipulation  of  the  dough.  The 
mere  mechanical  operation  of  thorough  separation  of  the  particles 
of  the  dough  has  the  effect  of  adding  wonderfully  to  the  whiteness 
of  the  bread.  It  is  important  to  note  in  this  connection  that  no 
doubt  the  reason  for  the  opinion  of  a  number  who  reported  that  the 
loaf  P  in  the  cooperative  baking  test  was  made  from  ordinary  winter 
wheat  aud  not  hard  spring  wheat  is  because  of  the  fact  that  the  dough 
was  mixed  in  a  specially  devised  mixing  machine,  which  gives  an 
immense  amount  of  mechanical  movement  and  separation  of  particles 
of  the  dough,  exposing  it  thoroughly  to  the  oxygen  of  the  air,  and 
thereby  giving  a  much  greater  whiteness  to  the  bread  than  is  found 
in  other  bread  made  from  the  same  flour. 

There  seems  no  doubt  at  all  now  that  the  dough  of  durum  wheat 
flour,  mixed  by  modern  processes,  will  make  bread  with  a  color 
entirely  satisfactory,  while,  of  course,  bread  made  of  a  blend  of  this 
flour  with  other  kinds  would  give  a  still  whiter  color.  At  the  same 
time  it  must  be  remembered  by  everyone  that  no  good  bread  mad^ 
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to-day  fi-oin  western  or  northwestern  wheat  is  white,  nor  is  the  flour 
white.  The  writers  take  this  opjwrtunit}'  to  protest  decidedly  against 
the  language  commonly  used  in  and  out  of  print  giving  the  inijjression 
that  there  is  such  a  thing  as  white  flour  produced  from  our  best  hard 
wheats.  It  is  a  well-known  fact  that  many  Minneapolis  floui-s,  which 
may  be  t.aken  as  good  standards,  are  a  creamy  color,  and  not  white, 
and  that  as  a  matter  of  fact  they  at  first  underwent  the  greatest  of 
diflieulty  in  becoming  established,  just  on  account  of  the  fact  that 
they  were  not  white  flours.  The  durum  wheat  flour  at  most  produces 
a  bread  that  is  only  a  little  more  yellow  or  creamy  than  the  best  hard 
spring  wheat.  On  the  whole,  therefore,  the  objection  to  the  coh)r  in 
the  durum  wheat  flour  should  no  longer  be  considered  a  valid  one. 

This  conclusion  can  be  reached  independently  of  any  results  that 
may  be  obtained  by  the  process  of  bleaching,  at  present  so  much  dis- 
cussed in  the  milling  journals. 

To  the  writers  there  seems  at  present  no  valid  reason,  from  a  com- 
mercial standpoint  or  otherwise,  for  the  process  of  bleaching,  though 
it  appears  to  be  harmless.  In  fact,  there  would  seem  to  be  a  decided 
disadvantage  in  bleaching  the  certain  well-known  brands  of  flours, 
the  people  thereby  becoming  naturally  suspicious  that  there  may  be 
some  adulteration  or  something  else  wrong  in  the  flour.  A  bread 
made  whiter,  however,  by  simple  mechanical  manipulation  of  the 
dough  appears  to  be  improved  in  other  respects  also;  and  if  one  really 
wishes  to  obtain  a  whiter  flour,  that  would  appear  to  be  the  better 
method  of  obtaining  it. 

EXPERIENCR  REQUIRED  FOR  PERFECT  OPERATIONS. 

Coming  now  to  the  discussion  of  an  objection  on  the  i>art  of  millers 
to  the  use  of  this  wheat,  which  to  date  appears  to  be  the  only  legiti- 
mate one  yet  raised,  it  may  be  said  that  it  seems  to  be  (juite  true  that  in 
the  beginning  of  operations  on  the  part  of  any  mill  it  costs  consid- 
erably more  and  there  is  a  considerably  larger  amount  of  waste  in 
producing  the  same  amount  of  flour  in  grinding  durum  wheat  than  in 
handling  the  hard  spring  or  hard  winter  wheats.  Reports  from 
millers  so  far  indicate  that  the  cost  of  producing  a  barrel  of  durum 
wheat  flour  runs  from  10  to  15  cents  more  than  that  in  producing  a 
barrel  of  ordinary  flour,  and  that  35  to  38  pounds  of  flour — that  is,  all 
products  exclusive  of  shorts  and  bran — are  produced  from  a  bushel  of 
durum  wheat,  while  40  to  44  pounds  may  be  produced  from  a  bushel 
of  hard  spring  wheat.  At  the  same  time  some  of  these  same  millers 
testify  that,  even  on  this  basis  and  at  this  stage  of  the  millers'  knowl- 
edge of  handling  the  wheat,  it  is  quite  profitable  to  use  the  durum 
wheat  on  account  of  the  much  larger  yield  per  acre  and  the  differ- 
ence in  price  per  bushel.  It  will  be  advisable  to  quote  from  our  cor- 
respondence with  one  of  these  millers  concerning  this  matter — a 
^^eb^a6ka  miller  who  has  now  had  considerable  experience  in  grind- 
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iiig  durum  wheat,  and  who  has  apparently  found  it  to  be  a  very  profit- 
able business.     In  a  letter  of  February  20,  1904,  he  says: 

I  have  mailed  yon  to-day  samples  of  the  different  grades  of  flonr;  also  samples 
of  the  hran  and  shorts  made  from  macaroni  wheat.  The  amounts  of  the  different 
grades  are  as  follows: 

Straight  patent,  35  pounds  per  bushel. 
First  patent,  18  pounds  per  bushel. 
Bakers'  patent,  15  pounds  per  bushel. 
Low  grade,  2  x>ounds  per  bushel. 
Bran,  11  pounds  per  bushel. 
Shorts,  13  pounds  per  bushel. 
Loss  in  grinding,  1  pound  per  bushel. 
The  flour  has  given  the  best  of  satisfaction  and  all  who  have  tried  it  are  highly 
pleased.    In  consequence  of  these  tests  a  large  amount  of  the  wheat  will  be  planted 
this  yeai*.    I  have  sold  all  we  had  of  it  at  a  satisfactory  price.    It  makes  less  floor 
per  bushel,  but  being  a  large  yielder  it  makes  up  for  this  loss  and  leaves  it  ahead 
of  any  other  variety  as  a  flour  producer  when  the  yield  is  considered.    «    «    »   I 
am  satisfied  now  that  we  can  make  a  better  showing  another  year  by  making  a 
few  changes  at  very  little  expense  which  will  add  to  the  yield  of  flour. 

In  another  letter  dated  March  15,  1904,  the  same  writer  says:  "As 
to  the  cost  of  grinding  this  wheat,  I  have  found  it  cost  just  one-third 
more  than  the  other  varieties  of  wheat." 

As  these  are  fair  samples  of  statements  received  in  various  other 
lettei's  from  millei's  who  have  handled  the  durum  wheat,  it  will  be 
seen  that  the  longer  the  wheat  is  handled  and  the  more  familiar  the 
miller  becomes  with  it  the  more  flour  he  is  likely  to  obtain  from  a 
bushel  of  wheat  at  the  same  cost.  As  one's  experience  grows  it  is 
found  that  certain  modifications  in  machinery  can  be  made  which  will 
accomplish  much  closer  grinding.  There  is  no  doubt,  therefore,  that 
when  two  or  three  more  years  have  elapsed  the  profit  in  the  sale  of 
the  flour  from  a  bushel  of  wheat  will  very  closely  approximate  that 
obtained  from  a  bushel  of  hard  spring  wheat,  particularly  when  the 
future  increase  in  the  demand  and  price  of  the  durtim  wheat  flour, 
which  is  almost  sure  to  come,  is  considered.  The  correspondence  of 
the  Department  of  Agriculture  shows  that  a  number  of  millers  who 
formerly  declined  1o  have  anything  to  do  with  durum  wheat  are  now 
doing  a  i)rofitable  business  in  handling  it  and  have  already  used  a 
comparatively  large  quantity. 

The  trials  of  this  wheat  for  making  bread  on  the  part  of  the  bakers 
and  the  experiments  of  various  flour  experts  show  also  that  more  and 
more  experience  in  handling  the  flour  will  result  in  producing  better 
bread.  The  reader  has  already  noted  the  change  of  opinion  of  the 
Cleveland  baker  referred  to  on  a  preceding  page,  wheat  first  thought 
nothing  could  be  done  with  the  flour,  but  was  finally  very  much 
pleased  with  the  results.  It  will  be  found  nearly  always  that  bet- 
ter success  in  baking  will  follow  from  the  use  of  a  regular  sponge, 
particularly  if  the  flour  is  entirely  from  durum  .wheat  or  if  a  very 
large  per  cent  of  it  is  durum  wheat  flour.     More  acid  is  desirable  in 
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producing  fermentation  tiiau  in  the  use  of  other  flour,  and  it  has  even 
been  suggested  that  possibly  a  slight  amount  of  commercial  acid 
could  \ye  added  to  advantage;  but  this,  of.  course,  should  l>e  consid- 
ered at  present  as  a  matter  for  experiment.  - 

OTHEB  PKODUCTS  FBOM  DXJBUM  WHEAT. 

The  number  of  breakfast  foods  already  in  existence  is  legion,  and 
it  would  hardly  seem  desirable  to  add  to  these  from  other  sources. 
However,  people  who  have  used  the  few  breakfast  foods  that  have 
already-  been  manufactured  from  durum  wheat  testify  that  they  are 
quite  distinct  from  others  on  the  market  and  are  really  of  excellent 
quality.  As  probably  only  four,  five,  or  a  half  dozen  kinds  at  most 
have  vet  been  made  from  durum  wheat,  it  is  evident  that  here  is  a 
field  of  operations  very  inviting  to  the  manufacturer  and  as  yet 
scarcely  more  than  touched.  The  kinds  that  have  already  been  made 
are  rather  different  from  each  other,  and  include,  to  the  knowledge 
of  the  writei'S,  one  product  made  in  Canada  and  three  in  this  country, 
one  of  which  is  in  the  form  of  another  well-known  breakfast  food — 
that  is,  the  whole  wheat  rolled  into  flakes.  In  flavor  these  foods  are 
just  as  superior  to  those  made  from  ordinary  wheat  as  the  flavor  of 
durum  wheat  bread  is  superior  to  that  of  ordinary  bread. 

Contrary  to  the  general  supposition,  excellent  biscuits  of  a  certain 
form  can  also  be  made  from  durum  wheat  flour.  They  are  compara- 
tively small  and  with  little  between  the  crusts.  What  are  known  as 
"light  cakes,"  made  in  a  manner  similar  to  ordinary  bread,  are  also 
successfully  made  from  this  flour.  Perhaps  the  very  best  products 
made  from  durum  wheat  flour,  however,  aside  from  bread,  that  are, 
without  an3"  doubt,  a  complete  success,  are  muffins  and  pancakes.  It 
can  not  be  questioned  that  these  products  are  far  superior  to  those 
made  from  SLuy  other  wheat  flour.  The  muffins  appear  and  taste  con- 
siderably like  sweet  cake,  and  the  pancakes  seem  to  have  more  egg  in 
them  than  similar  cakes  made  from  other  flour.  (See  PI.  V. )  Certain 
kinds  of  sweet  cake  are  ideal  when  made  from  durum  wheat  flour,  but 
of  course  some  other  kinds  that  are  intended  to  be  quite  white  within 
can  not  be  made  from  such  flour. 

PROOBESS  OF  THE  NEW  INDUSTBT. 

In  the  nature  of  things  it  is  of  couree  imi)ossible  to  obtain  statistics 
of  the  annual  production  of  a  new  crop.  Up  to  dati»,  therefore,  any 
reported  production  of  durum  wheat  has  necessarily  been  simi)ly  an 
estimate.  In  the  experiments  of  the  writers,  however,  such  close 
watch  of  the  acreage  has  been  kept  from  year  to  year  that  when  it 
finally  becomes  possible  to  obtain  statistics  it  will  probably  be  found 
that  the  following  estimates  have  been  fairly  close  to  the  actual  pro- 
duction.    The  first  crop  of  any  considerable  amount  was  in  1001,  of 
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which  the  yield  was  probably  not  over  100,000,  but  close  to  60,000  or 
70,000  bushels.  In  1902  a  conservative  estimat-e  would  place  the  pro- 
duction at  about  1,500,000,  although  quite  likely  it  reached  2,000,0(X) 
bushels.  Our  estimate  of  the  crop  of  190v3  was  at  first  10,000,000  or 
12,(X)0,000  bushels.  It  seems  more  likely  now  that  it  was  not  much 
over  6,000,000,  but  may  have  reached  7,000,000  bushels.  At  present 
it  is  still  more  difficult  to  predict  the  amount  that  will  be  harvested 
the  present  season  (1904).  It  can  only  be  said  now  that  it  promises  to 
be  about  15,000,000  bushels,  with  the  possibility  of  reaching  20,000,00(.» 
bushels.  A  crop  of  20,000,000  bushels  would  be  an  increase  of  at  least 
two  hundred  fold  over  the  crop  of  1901 — that  is,  in  four  years — and 
at  the  same  time  would  constitute  one  twent3"-fifth  of  the  entire  wheat 
crop  of  the  country  on  the  basis  of  an  average  annual  production  of 
500,000,000  bushels. 

INCREASE  IN  PRODUCTION  OF  DURUM   WHEAT. 

While  the  yearlj'  increase  in  the  production  of  this  wheat  is  extmor- 
dinar}^,  there  is  no  question  that  when  its  commercial  value  is  more 
fully  settled  in  the  minds  of  those  who  handle  it  the  demand  will  be 
such  as  to  incite  a  very  much  greater  increase,  until  finally  the  annual 
production  will  reach  its  normal  proportion  to  that  of  other  kinds  of 
wheat. 

DETERMINATION  OP  THE  BEST  VARIETIES. 

Of  course,  as  the  cultivation  of  the  wheat  goes  on  there  are  many 
things  to  be  learned.  The  necessary  experience  on  the  part  of  the 
miller  and  baker  has  alreadj'  been  referred  to,  but  the  farmer  also 
will  have  to  learn  which  are  the  best  varieties  of  this  wheat.  It  is 
known  that  about  a  dozen  different  kinds  are  now  grown  throughout 
the  country,  some  of  which  differ  from  each  other  as  much  as  the 
varieties  of  ordinary  wheat  differ,  and  it  is  already  known  that  some 
of  these  varieties  are  considerably  better  than  others,  both  in  the 
qualit}'  of  grain  furnished  and  in  the  yield  of  the  crop.  For  the  North- 
west, the  bulk  of  the  evidence  up  to  date  is  in  favor  of  the  variety 
Kubanka.  (See  PI.  Ill,  fig.  2.)  In  the  Southwest  the  Kubanka  con- 
tinues to  be  a  very  good  kind,  but  two  or  three  of  the  North  African 
varieties  are  there  among  the  best.  Still,  other  varieties  are  under 
experiment  by  the  Department  of  Agriculture  at  a  few  points,  and 
it  has  already  been  found  that  two  or  three  of  these  varieties  have 
certain  unusually  good  qualities.  It  will  require  several  years  to 
determine  thoroughly  which  are  the  few  best  varieties  for  the  differ- 
ent portions  of  the  semiarid  districts  where  such  wheat  is  adapted. 
In  the  meantime  everj-  effort  is  being  used  by  the  Department  to 
encourage  the  development  of  pure  seed  of  each  one  of  these  varieties 
and  in  urging  the  importance  of  keeping  all  durum  wheat  absolutel}' 
separate  from  other  kinds.     Whether  dealing  with  this  wheat  or  any 
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other  kind  of  grain,  the  most  important  thing  of  all  is  to  keep  up  a 
constant  improvement  of  seed. 

COMMERCIAL  INSPECTION  AND   GRADING. 

Much  has  yet  to  be  learned  by  commercial  men  of  the  actual  qual- 
ities of  the  wheat,  which  will  enable  them  more  accurately  to  inspect 
and  grade  the  grain.  This  wheat,  being  so  different  from  other  kinds, 
will  require  that  a  different  standard  be  kept  in  view  all  the  time  in 
the  work  of  inspection.  Certain  new  qualities  will  have  to  be  added 
to  the  regular  schedule  or  score  cards.  Also,  as  the  wheat  may  be 
used  either  for  bread  or  for  macaroni,  it  must  1^  considered  each  time 
whether  it  is  to  be  used  for  the  one  purpose  or  the  other.  For  exam- 
ple, during  the  seasons  of  1902  and  1903,  which  throughout  the  coun- 
try generally  were  unusually  bad  for  producing  a  really  excellent 
quality  of  durum  wheat,  the  softer  and  whiter  condition  of  the  grain 
made  it,  nevertheless,  reallj'  better  for  handling  by  the  millers  for 
making  bread  flour,  but  at  the  same  time  the  wheat  was  less  suitable 
for  use  in  making  the  best  macaroni. 

DISPOSITION   OF  THE   1903   CROP. 

Through  considerable  correspondence  and  personal  investigation 
the  writers  are  able  to  state  approximately  the  disposition  of  the  last 
year's  crop,  though  of  course  no  one  could  expect  accuracy  in  the 
matter.  On  the  basis  of  a  crop  of  6,000,000  bushels,  it  appears  that 
the  disposition  up  to  March  1,  1904,  was  about  as  follows:  On  the 
authority  of  Mr.  J.  N.  Barncard,  chief  deputy  inspector  for  Minne- 
apolis, there  were  inspected  when  going  into  that  city  from  September 
1,  1903,  up  to  and  including  February  29,  1904,  832  cars,  which,  at  an 
average  of  1,000  bushels  per  car,  would  make  S32,000  bushels.  During 
the  same  period  there  were  inspected  317  outgoing  cars,  or  317,000 
bushels.  It  may  be  added  that  for  the  crop  year  of  1902-3,  ending 
August  31,  1903,  there  were  inspected  when  going  into  Minneapolis 
187  cars,  or  187,000  bushels. 

It  is  reported  by  a  well-informed  broker  on  the  New  York  Produce 
Exchange  that  up  to  March  4, 1904,  and  since  August  of  the  preceding 
year  there  were  exported  from  New  York  something  over  340,000 
hushels.  At  the  same  time  it  is  known  that  from  50,000  to  100,000 
bushels  were  sold  for  different  purposes  in  Boston  and  other  portions 
of  New  England;  but  these  figures  only  apply  as  far  as  the  month  of 
March,  1904.  Therefore,  the  entire  amount  of  the  wheat  of  the  1903 
crop  sold  in  Minneapolis  and  the  lake  cities,  exported  to  foreign  coun- 
tries, and  used  for  various  purposes  in  the  Eastern  States  would  prob- 
ably come  close  to  1,500,000  bushels.  Allowing  another  million  bushels 
for  seed,  for  feeding  to  stock,  for  breakfast  foods,  and  other  miscella- 
neous purposes,  there  remain  probably  at  least  three  and  one-half 
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million  bushels  that  have  been  ground  at  the  local  mills  for  bread 
flour  and  for  the  production  of  macaroni,  much  the  larger  part  of 
which  was  used  for  bread. 

MILLS  NOW  HANDLING  THE   WHEAT. 

The  number  of  mills  that  have  undertaken  the  grinding  of  the  new 
wheat  is  constantly  increasing.  Several  large  mills  that  have  not 
hitherto  used  this  wheat  and  that  in  some  cases  have  strongly  objected 
to  the  use  of  the  wheat  are  to  be  added  to  the  list  for  the  coming  sea- 
son. The  increase  in  the  demand  for  the  wheat  has  been  particularly 
strong  in  Buffalo  and  a  few  other  points  in  the  £ast,  originating  solely 
in  the  desire  to  use  the  floxir  for  blending  with  other  kinds  in  bread 
making.  By  the  autumn  of  1904,  there  will  no  doubt  be  at  least 
twenty-flve  important  mills  throughout  the  country  using  durum 
wheat. 

PRICES. 

Durum  wheat  being  so  different. in  nature  from  all  other  kinds,  it 
should  not  be  expected  that  prices  would  range  in  a  series  parallel 
with  those  of  other  wheats.  At  a  time  of  special  demand  for  it  the 
price  maj^  rise  proportionally  more  rapidly  than  for  other  kinds,  but 
often  it  may  remain  stationary  or  fall  when  the  price  of  other  wheat 
i ;  rising.  However,  the  general  scarcity  of  wheat  throughout  the 
country,  which  has  at  the  same  time  forced  more  attention  to  durum 
wheat,  and  therefore  caused  its  good  qualities  to  be  better  known,  has 
been  the  means  of  securing  good  prices  for  the  wheat  during  all  the 
latter  part  of  the  past  winter  and  up  to  the  present  time,  the  price 
having  ranged  from  90  cents  to  about  $1.05  per  bushel  at  Buffalo, 
N.  Y.  One  difficulty  in  the  past,  which  will  no  doubt  soon  be  over- 
come, has  been  that  the  bakers  were  slow  at  first  to  make  use  of  the 
flour,  becaxise  of  the  fact  that  the  difficulties  at  first  met  by  the  mill- 
ers in  handling  the  wheat  have  not  allowed  them  to  sell  the  flour  at 
an  attractive  figure  to  the  baker.  No  doubt,  as  soon  as  the  milling 
operations  for  this  wheat  ai*e  more  accurately  adjusted  the  miller  will 
be  able  to  get  a  better  profit  and  can  offer  the  flour  at  more  attrac- 
tive prices,  and  this  apparently  is  all  that  is  needed,  for,  as  stated 
elsewhere,  all  trials  of  the  flour  by  bakers  so  far  known  to  the  writers 
have  given  most  excellent  results. 

THE   OUTLOOK. 

A  i^rediction  of  the  probable  crop  of  1904  has  been  made.  Fifteen 
or  twenty  million  bushels  of  a  wheat  which  does  not  encroach  upon 
the  regular  production  of  other  kinds  is  a  large  quantity  to  be  added 
to  the  general  production  of  this  country;  but  it  should  be  noted  that 
this  leaves  out  of  consideration  entirely  the  enormous  areas  of  the 
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seiuinrid  and  even  arid  districts  admirably  adapted  to  this  grain 
which  have  not  j'et  been  touched  by  agriculture.  The  possibilities 
in  reach  of  the  farmers  and  commercial  men  in  the  production  and 
trade  in  this  new  grain  are  not  suspected  at  present  by  the  people  in 
general.  Even  under  irrigation  the  wheat  succeeds  very  well,  but 
over  by  far  the  larger  portions  of  the  dry  districts  irrigation  will  be 
unnecessary,  which  can  only  be  said,  however,  of  «a  very  few  drought- 
resistant  crops.  All  the  while  new  districts  of  production  are  being 
develoiied  and  new  trade  centers  established,  as  well  as  new  trade 
routes.  This  wheat  will  be  sold  during  the  coming  year  at  Kansas 
City,  Omaha,  and  Galveston,  as  well  as  at  Minneapolis  and  Duluth, 
and  there  will  he  a  very  large  increase  over  last  yes,T  in  the  produc- 
tion of  durum  wheat  in  the  districts  tributary  to  these  points,  the 
production  last  j^ear,  in  fact,  being  insignificant. 

Aside  from  the  export  outlet  for  durum  wheat,  either  in  the  form  of 
the  wheat  itself  or  as  semolina  in  France  and  Italy  for  the  production 
of  macaroni,  there  are,  without  question,  still  other  outlets  at  present 
not  at  all  considered  bj'^  grain  dealers  or  millers. <*  In  a  number  of 
foreign  countries  where  bread  of  a  rich  flavor  is  desired  without 
regard  to  color  durum  wheat  flour  will  be  veiy  popular.  This,  no 
doubt,  will  be  particularly  true  in  those  districts  of  the  Far  East 
where  there  has  been  unusually  rapid  development  in  recent  years. 
The  increase  in  wheat  production  in  Manchuria  and  the  very  large 
increase  in  flour  production  in  the  same  country,  instead  of  injuring 
our  flour  trade  in  the  Orient,  may,  by  educating  the  native  population 
to  the  use  of  wheat  bread,  so  increase  the  demand  for  such  a  product  as 
to  really  benefit  the  trade  of  this  country.  Present  conditions  seem  to 
indicate  that  this  is  quite  likely  to  be  the  correct  view.  Should  the 
Chinese  and  Japanese  and  other  oriental  peoples  become  fully 
acquainted  with  the  use  of  wheat  bread,  the  export  outlet  for  American 
flour,  and  particularly  for  fliour  made  from  this  class  of  wheat,  would 
he,  at  least  for  a  time,  practically  unlimited.  It  would  seem,  there- 
fore, to  l>e  greatly  to  the  interest  of  the  millers  and  grain  dealers  to 
give  special  attention  to  the  encouragement  of  the  production  of 
durum  wheat  in  all  of  our  undeveloped  semiarid  areas.  It  is  evident 
now  that  its  increase  in  production  is  of  just  as  great  importance  to 
millers  and  shippers  as  it  is  to  the  farmer. 


<*  It  is  quite  erroneous  to  assame  that  there  is  little  export  demand  for  durum 
wheat  hecanse  of  the  numerous  negative  replies  given  in  recent  Daily  Consular 
Reports  in  the  investigation  of  this  matter  by  the  Department  of  Commerce  and 
Labor.  These  replies  were  from  points  where  a  market  for  this  wheat,  or  in  some 
cases  for  any  other  wheat,  should  not  he  expected. 


BESCBIPTIOK  OF  PULTES. 

Plate  I.  Frontispiece, — A  representation  of  two  loaves  of  bread,  one  of  whi  h 
was  made  from  durum  wheat  patent  flour  and  the  other  from  the  best  quality  of 
northwestern  hard  spzing  wheat  patent  at  the  same  time,  l.y  the  same  bakery, 
under  the  same  conditions,  the  same  kinds  and  proportional  amounts  of  ingredi- 
ents other  than  flour  being  u«ed  in  each  case.  These  are  only  samples  of  scores 
of  loaves  that  presented  the  same  appearance,  showing  that  the  least  that  can  be 
said  is  that  usually  the  durum  wheat  bread  can  scarcely  be  distinguished  from 
bread  of  other  flrst-class  flour  when  baked  by  accurate  methods,  so  far  as  mere 
appearance  goes,  while  from  the  standpoint  of  flavor,  freshness,  and  texture  very 
many  people  really  prefer  the  durum  wheat  bread. 

Plate  II.  Samples  of  three  varieties  of  durum  wheat.  These  ^re  representa- 
tive samples  of  this  class  of  wheat  as  it  appears  when  grown  in  North  and  South 
Dakota. 

Plate  III.  Fig.  1. — Harvestmg  durum  wheat  in  North  Dakota.  Fifteen  self- 
binders  are  shown  on  the  farm  of  Mr.  S.  Glover,  at  Glover,  N.  Dak. ,  in  1903.  There 
were  0,000  acres  of  durum  wheat  grown  on  this  farm  in  that  season,  producing 
about  1 00,000  bushels  of  grain.  A  considerable  amount  of  this  was  of  the  Kubanka 
variety,  but  the  larger  part  was  of  the  variety  Amautka,  the  kind  most  largely 
grown  in  the  Northwest.  Fig.  2. — Kubanka  durum  wheat  growing  in  western 
Kansas  in  190^).  The  cultivation  of  durum  wheat  in  western  Kansas  has  only 
begun  very  recently.  This  picture  shows  the  character  of  the  crop  during  a  wet 
and  therefore  unfavorable  season. 

Plate  IV.  Fig.  1. — Freshly  cut  durum  and  spring  wheat  bread  side  by  side. 
The  bread  is  of  the  same  baking  as  that  illustrated  in  the  frontispiece.  The  loaf 
on  the  right  was  made  from  durum  wheat  patent  flour  and  the  other  from  the 
best  (inality  of  north w. stern  spring  wheat  patent.  The  difference  in  texture  is 
rather  clearly  shown,  and  ta  a  slight  degree  the  differenc3  in  color,  though  the  lat- 
ter is  somewhat  misleading,  as  a  yellow  color  can  not  be  shown  in  a  photograph. 
Fig.  2.— Two  loaves  each  of  durum  and  spring  wheat  bread— a  later  baking.  The 
two  loaves  on  the  right  were  baked  from  durum  wheat  patent  flour  and  the  two 
on  the  left  from  the  best  quality  of  northwestern  s]  ring  wheat  patent.  In  this 
case  the  durum  w^heat  flour  is  of  an  entire- y  different  lot  from  that  used  in  the  first 
baking  and  was  really  of  much  better  quality,  the  loaves  being  as  satisfactory  in 
size,  lightness,  and  color  as  anyone  could  wish,  while  the  flavor  and  texture  were 
considered  by  nearly  everyone  to  be  mut;h  better  tnan  that  of  standard  spring 
wheat  bread. 

Plate  V.  Muffins  made  from  durum  wheat  patent  flour.  These  muffins  were  so 
radically  different  from  those  made  of  standard  spring  wheat  flour  and  so  mnch 
superior  in  flavor  and  texture  as  to  really  form  a  distinct  and  unique  product. 
The  picture  shows  very  clearly  their  appearance  and  at  the  same  time  the  class  of 
wheat  irom  which  the  muffins  were  made. 
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PREFACn. 


The  great  importance  of  leguniinoiis  crops  in  maintaining  and 
increasing  the  fertility  of  soils  was  long  ago  shown  to  be  due  to  the 
nitrogen-fixing  power  of  certain  bacteria  which  gain  entrance  to  and 
live  in  legume  roots.  It  is  now  generally  recognized  that  without 
these  bacteria,  legumes,  like  other  crops,  exhaust  the  soil  of  nitrogen. 
It  is  thus  a  matter  of  the  greatest  importance  in  the  cultivation  of 
these  crops  that  the  proper  bacteria  be  present  in  the  soil  under  con- 
ditions favorable  for  their  development.  The  old  method  of  inoculat- 
ing soils  by  distributing  soil  from  fields  containing  the  desired  bacte- 
ria is  not  only  expensive,  but  there  is  very  great  danger  of  spreading 
at  the  same  time  weeds  and  destructive  crop  diseases. 

Investigators  in  America,  as  well  as  in  Europe,  appreciate  the  great 
importance  of  securing  nitrogen-fixing  baicteria  in  pure  (cultures  for 
distribution.  We  had  great  hope  that  Doctor  Noblw's  nitragin  would 
meet  the  requirement^.  These  cultures  were  tested  very  carefully  in 
this  count rv  and  in  Europe,  but  were  found  to  be  unsatisfactory.  We 
still  hoped,  however,  that  the  method  could  be  perfected.  Mr.  W.  T. 
Swingle  was  therefore  instructed  to  proceed  to  Europe  and  confer 
with  Doctor  Nobbe  regarding  the  future  prospects  of  his  method  of 
pure-culture  distribution.  Finding  that  the  outlook  was  rather  unsat- 
isfactor3\  upon  Mr.  Swingle's  return  we  decided  to  undertake  a  thor- 
ough investigation  of  the  legume  and  other  nitrogen-fixing  organisms, 
with  a  view  to  increasing  their  agricultural  value.  The  plan  was  care- 
fully considered  and  approved  by  the  Chief  of  the  Bureau,  the  Secre- 
tsLxy  of  Agriculture,  and  by  Congress,  and  the  necessary  funds  were 
provided.  Finally,  we  succeeded  in  securing  the  services  of  Dr. 
George  T.  Moore,  to  undertake  this  investigation.  With  the  able 
assistance  of  Messrs.  Kellerman,  Robinson,  and  Goll,  he  has  succeeded 
in  perfecting  the  pure-culture  method  of  distribution  even  beyond  our 
expectations. 

Do(!tor  Moore  in  the  course  of  the  investigations  soon  discovered 
why  it  was  that  the  former  methods  of  culture  and  distribution  were 
so  uncertain  in  their  results.  He  worked  out  improved  methods  of 
making  the  cultures  and  increasing  by  growth  in  non -nitrogenous  media 
the  nitrogen- fixing  power  of  the  organisms,  and  perfected  a  method  of 
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diviner  them  bv  which  their  activity  can  be  preserved  ind?finitelv. 
These  processes  have  been  patented  bv  the  Department  in  the  name  of 
Doctor  Moore  for  the  purpose  of  protecting  them  for  the  use  of  the 
genei*al  public. 

It  is  now  possible  as  a  result  of  this  work  to  inoculate  at  very  small 
exjK^nse  the  seed  of  all  leguminous  plants  which  it  may  be  desirable  to 
cultivate.  Bacteria  for  various  legumes  were  distributed  during  the 
past  year  to  a  very  large  number  of  applicants  scattered  in  nearly 
every  section  of  this  country  and  in  many  foreign  countries.  The 
results  obtained  have,  as  a  whole,  been  extremely  satisfactor}-.  The 
report  submitted  herewith  presents  the  resulti^  of  the  work  up  to  the 
present  time. 

While  investigation  in  connection  with  legumes  is  at  present  the 
most  important  phase  of  the  work,  careful  attention  is  also  lH?ing  given 
to  nitrogen-fixing  ))acteria  which  occur  in  connection  with  other  plants, 
and  especially  those  forms  which  live  independentlv  of  spt^cial  plants. 

The  facts  presented  in  this  re^jort  demonstrate  the  great  practical 
value  of  thorough  and  accurate  scientific  investigation  of  the  problems 
lying  at  the  foundation  of  agriculture. 

Albert  F.  Woods, 
I\ithobjgiHt  and  Physiitlogi^t, 

Office  of  Vegetable  Pathological 

AND  Physiological  Investigations, 

1 1 aiih In yton ^  1),  t\^  Xovem her  1 7\  VJOI^. 
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SOIL  INOCULATION  FOR  LEGUMES; 

WITH  REPORTS  UPON  THE  SUCCESSFUL  USE 

OF  ARTIFICIAL  CULTURES  BY 

PRACTICAL  FARMERS. 


INTBODUCnOK. 

The  primary  object  in  undertaking  an  investigation  of  the  fixation 
of  nitrogen  by  the  root  nodules  of  legumes  was  to  devise,  if  possible, 
some  method  of  bringing  about  the  artificial  introduction  of  the  nec- 
essary organisms  into  a  soil  which  was  natunilly  devoid  of  them,  and 
at  the  same  time  to  attempt,  as  far  as  possible,  to  correlate  and  recon- 
cile the  vast  amount  of  conflicting  evidence  that  has  been  accumulated 
hy  various  investigators  in  regard  to  the  exa(*t  nature  of  the  organism, 
where  the  nitrogen  is  fixed,  the  effect  upon  the  host,  and  similar 
problems. 

It  will  not  be  possible  in  an  article  of  this  kind  to  give  more  than  a 
brief  historical  sketch  of  the  work  that  has  Ihmmi  done  hy  previous 
investigators,  but  in  view  of  the  sjttisfactory  review  of  the  literature 
up  to  1892  by  Atkinson"  and  by  tJacobitz'^  in  liH)l  an  exhaustive  con- 
sideration of  the  subject  in  this  wav  hardlv  seems  necessarv. 

THE  FIXATION  OF  FB££  NITBOGEN. 

Ever  since  anything  has  been  known  in  regard  to  ])lant  nutrition 
and  the  necessar\'  part  that  various  gases  and  minerals  play  in  the 
successful  growing  of  crops,  scientific  men  have  realized  the  tremen- 
dous importance  of  consei'ving  the  world's  store  of  nitrogen,  and  have 
made  everv  effort  either  to  husband  or  to  increase  all  available  sources 
of  supply.  In  the  early  days,  w^hcn  it  was  first  being  realized  that 
nitrogen  was  so  essential  to  plant  life — in  fact,  was  at  the  very  founda- 
tion of  agriculture— no  particular  alarm  was  felt.  Botiinists  had 
demonstrated  that  plants  obtained  their  carbon  from  the  carbon  dioxid 
of  the  air,  and  since  this  gas  is  present  in  so  much  less  quantity  than 
nitrogen  it  was  believed  that  by  no  possible  means  could  the  most 

aBot.  (Jaz.,  xviii,  pp.  157,  22«,  257.     189;^. 

^Centralbl.  fiir  Bakt.,  Par.  u.  Infec,  II  Abt.,  VII.     November,  HK)1. 
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essential  of  plant  foods  be  exhausted.  However,  when  it  was  showu 
thiit  plants  were  unable  to  use  free  nitrogen  and  must  obtain  it  directly 
from  the  soil  in  a  highly  organized  form,  the  importance  of  the  prob- 
lem increased  greatly,  and  the  gravest  consequences  were  predicted 
b\'  those  familiar  with  the  rapidity  with  which  this  valuable  element 
was  being  wasted.  But  a  short  time  ago  Sir  William  Crookes**  pre- 
dicted that  within  thirty  or  forty  years  England  would  experience  a 
wheat  famine,  due  to  the  exhaustion  of  nitrogen  in  the  soil,  that  would 
l)e  appalling  in  its  etfect;  and  Prof.  Bela  Korasey's  warnings  to 
Hungary  have  been  even  more  emphatic.  Indeed,  Liebig,  more  than 
fifty  years  ago,  in  speaking  of  one  of  the  most  common  methods  of 
destroying  sources  of  available  nitrogen,  said: 

Xothinjj  will  more  certainly  ronsuiiiiiiate  tho  ruin  of  Enjjland  than  the  scarcity  of 
fertilizers.  It  means  the  soareity  of  food.  It  is  impossible  that  such  a  sinful  viola- 
tion of  the  divine  laws  of  nature  should  forever  remain  unpunishe<i,  and  the  time 
will  prol)ably  come  for  England,  sooner  than  for  any  otlier  country,  when,  with  all 
her  wealth  in  gold,  iron,  and  coal,  she  will  be  unable  to  buy  the  one-thousandth  part 
of  the  food  which  she  lias  during  hundreds  ot  years  thrown  recklessly  away. 

The  ways  by  which  combined  tiitrogen  is  rendered  unavailable  for 
plant  food  are  well  known  and  need  no  elaborate  discussion.  The 
constant  cropping  of  land,  combined  with  our  modern  sewage  .system, 
which  prevents  the  return  to  the  soil  of  such  a  large  and  legitimate 
nitrogen  supply,  are  sufficient  to  indicate  the  extent  of  this  loss  with- 
out considering  the  destruction  of  uitrogenoun  compounds  hy  the  de- 
nitrifying bacteria,  the  burning  or  exploding  of  nitrate  of  soda,  and  the 
leaching  out  of  this  and  other  salts  which  would  othervyise  l>e  most  val- 
uable as  fertilizers.  These  things  would  not  merit  so  nmch  considera- 
tion were  it  not  for  the  fact  that,  unfortunately,  the  world's  supply  of 
two  of  the  richest  sources  of  nitrogen — guano  and  saltpeter — is  being 
exhausU^d  rapidly.  Guano  has  already  ceased  to  be  of  any  great  im- 
portance, and  while  it  is  diflScult  to  obtain  precise  estimates  aa  to  the 
available  amount  of  saltpeter,  it  is  very  certain  that  at  the  present 
rate  of  its  consumption  (estimated  at  1  billion  tons  per  3'ear)  it  can  not 
last  for  a  very  groat  length  of  time,  some  placing  the  limit  at  less  than 
fifty  years.  It  should  also  be  remembered  that  the  natural  product, 
while  so  rich  in  nitrogen,  is  also  so  expensive  that  for  the  general 
farmer  the  cost  is  almost  prohibitive.  The  same  may  be  said  of  the 
process  recently  proposed  for  the  manufacture  of  nitrogen  salts  by 
means  of  electricity.  While  the  discovery  and  perfection  of  such  a 
method  is  calculated  to  calm  the  fears  of  those  who  predict  a  nitrogen 
famine,  it  is  not  one  that  appeals  very  strongly  to  the  farmer  so  lonjj 
as  the  price  remains  where  it  is. 

Regardless  of  these  facts,  there  are  many^  well-informed  men,  both 
at  home  and  abroad,  who  have  always  maintained  that  the  possibility 

«Brit.  Assoc.  Ad.  Sci.,  Bristol,  1898.     Presidential  Address. 
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of  anything  approaching^  a  nitrogen  famine  is  so  remote  as  to  be 
unworthv  of  considei'ation.  In  order  that  this  view  mav  be  substan- 
tiated,  it  will  be  necessary  to  examine  into  the  conditions  existing  in 
nature  which  permit  of  the  restoring  of  gaseous  nitrogen  to  a  com- 
bined form. 

One  of  the  sources  which  was  formerly  supposed  to  be  of  (consider- 
able importance  in  returning  nitrogen  to  the  earth  was  by  means  of 
the  ammonia  compounds  of  nitrous  and  nitric  acid  which  are  present  in 
the  air  and  are  often  carried  into  the  soil  b}'  rainfall.  This  need  not 
be  considered,  however,  it  having  been  shown  that  the  amount  of  potas- 
sium or  sodium  nitrate  per  acre  brought  into  the  soil  by  the  rain  is^ 
with  the  exception  of  a  few  places  in  the  Tropics,  almost  intinitesimaK 
being  less  than  1  pound  per  year. 

That  electricity  has  some  part  in  fixing  nitrogen  in  a  form  suitable 
for  plant  food  has  been  understood  for  a  considerable  length  of  time. 
Lightning  discharges  fix  in  the  soil  nitrogen  from  the  air,  and  a  small 
percentage  of  this  element  becomes  available  in  this  way.  The  theory 
has  even  been  advanced  by  M.  Berthelot  that  plants  in  high  altitudes 
will  produce  good  crops  without  the  use  of  any  artificial  fertilizer, 
owing  to  the  greater  tension  of  electricity  in  these  regions,  the  in- 
fluence of  electric  waves  permitting  the  plants  to  absorb  nitrogen  in 
a  way  that  plants  not  so  influenced  are  unable  to  do.  It  certainly 
seems  true  that  plants  elevated  to  a  considerable  height  will  absorb 
more  nitrogen  than  those  at  a  lower  level,  but  whether  this  is  due  to  a 
direct  influence  of  electricity  upon  the  plant  itself  is  perhaps  a  question. 

It  has  likewi.se  been  a  matter  of  conunon  observation  that  some  land 
allowed  to  lie  fallow  frequently  increases  in  its  supply  of  available 
nitrogen,  and  to  an  extent  much  too  great  to  have  been  fixed  merely 
bv  lightning  or  electrical  action  of  any  kind.  Consequently,  the  dis- 
covery b\-  Schloesing  and  Muntz  ^'  in  1877  that  the  formation  of  nitrites 
from  the  organic  products  of  animal  and  vegetable  life  was  produced 
by  living  organisms,  and  the  isolation  of  these  bacteria  by  Jordan 
and  Richards*  in  our  own  country,  as  well  as  by  Winogradsky/ Frank- 
land,^  and  Warington*'  abroad,  were  expected  to  throw  much  light  upon 
this  hitherto  little  understood  subject.  Nothing  of  any  practical 
impoitance,  however,  was  attempt(^d  until  after  1891,  when  Schloesing 
and  Laurent  showed  that  certain  organisms  had  the  power  of  fixing 
nitrogen  in  the  soil  directly  from  the  atmosphere!  Experiments  were 
then  undertaken  along  this  line,  and  results  obtained  which  demon- 
strated tliat  there  are  unquestionably  in  the  earth  a  few  organisms, 

«Compt.  Rend.,  Paris,  84:  301. 

^>to{?.  State  Board  of  Health  Rept.,  1890,  pp.  865-881. 

^  Ann.  de  I'lnst.  Pafiteur,  1890,  p.  23. 

</rhil.  Trans.  Koy.  Soc,  London,  1890,  B.,  107. 

« Trans.  Cheni.  Soc,  1891,  p.  502. 
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probably  both  bacteria  and  algae,  which  can  directly  fix  free  nitrogen 
without  the  aid  or  interposition  of  any  other  plant.  Kruger  and 
Schneiderwind^  have  given  the  result  of  a  test  with  a  bacterium  which 
wa8  able  to  fix  0.(X)46  of  a  gram  of  nitrogen  in  100  cubic  centimeters, 
and  numerous  other,  results  are  recorded  showing  the  beneficial  effect 
of  certain  organisms  of  this  class  upon  all  crops.  Since  in  many  cases 
the  bacteria  increased  the  nitrogen  content  of  the  soil  so  decidedly,  it 
seemed  worth  while  to  attempt  to  bring  about  an  artificial  introduction 
of  the  peculiar  bacteria  involved.  Before  long  a  patented  protiuct, 
known  as  alinit^  was  placed  on  the  market,  and  numerous  trials  designed 
to  demonstrate  its  efficiency  were  made,  but  with  such  indifferent 
success  that  the  product  was  withdrawn  from  sale.  Up  to  the  present, 
therefore,  it  can  safely  be  said  that  nothing  has  been  accomplished 
which  would  lead  to  the  extensive  use  of  such  a  process  for  enriching 
the  land,  although  the  possibility  of  ev^entually  securing  the  proper 
organism  and  method  for  distributing  it  is  not  unlikely. 

BENEFICLAX  EFFECT  OF  LEGUMINOTTS  CROPS. 

From  the  earliest  days  of  agriculture  it  has  been  recognized  that  all 
plants  belonging  to  tbe  Leguminosap  had  a  decidedh'  beneficial  effect 
upon  tbe  soil.  Pliny  wrote,  ''The  bean  ranks  first  among  the  legumes. 
It  fertilizes  the  ground  in  which  it  has  been  sown  as  well  as  any 
manure,''  and  again,  '""The  lupine  enriches  the  soil  of  a  field  or  vine- 
yard as  well  as  the  very  best  manure.  The  vetch,  too,  enriches  the 
soil  and  requires  no  attention  in  its  culture."  Varro,  in  De  Re  Rustica, 
I,  i28,  writes,  '"Legumes  should  be  sown  in  light  soils:  indeed,  they 
are  planted  not  so  much  for  their  own  crop  as  for  the  following  crop, 
since  when  they  are  cut  and  kept  upon  the  ground  they  make  the  soil 
better.  Thus  the  lupine  is  wont  to  serve  as  a  manure  where  the  soil 
is  rather  thin  and  poor.''  There  are  also  in  ancient  writings  many 
other  references  to  the  importance  and  necessity  of  including  some 
leguminous  crop  in  the  regular  rotation.  Naturally  the  explanations 
offered  to  account  for  this  beneficial  effect  were  various,  perhaps  the 
most  universal  belief  being  that  the  root  s\'stem  of  these  plants  was 
much  more  extensive  than  that  of  gmins  and  root  crops  and  con^e- 
ijuently  brought  up  plant  food  from  considerable  depths,  which  not 
only  served  the  legume,  but  was  likewise  available  for  subsequent 
crops.  Thaer^  in  1809  advanced  the  theory  that  the  cultivation  of 
leguminous  crops  might  improve  the  soil  by  taking  up  nutriment  from 
the  air  and  depositing  it  in  the  soil  through  the  roots  and  stubble;  but 
this  was  merely  a  conjecture  without  any  experimental  basis.    Still 

«Landwirthsch.  Jahrb.,  19,  Heft  4-6,  1900,  pp.  801-804. 
«>Rationelle  Landwirtbsch.,  1  Anfl.,  Bd.  1,  1809. 
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later,  John*^'  deiiionstnited  that  there  was  not  only  an  increase  in  humus 
after  a  leguminous  crop,  but  also  a  definite  increase  in  nitrogen.  He 
was  unable,  however,  to  suggest  any  explanation.  In  1854,  Boussin- 
gault  *  promulgated  his  classic  experiments  demonstrating  the  fact  that 
plants  could  not  assimilate  free  nitrogen  gas.  His  work  was  substan- 
tiated by  the  joint  labors  of  (iilbert,  Lawes,  and  Pugh/  and  although 
Ville'^  and  others  still  maintained  the  fallacy  of  the  investigations,  it 
soon  became  as  well  established  as  any  fact  in  plant  physiology  that 
the  only  efficient  source  of  nitrogen  supply  was  in  the  fixed  forms 
supplied  through  the  roots. 

By  this  time  it  was  beginning  to  be  more  generally  known  that  the 
Ivcguminosft?  were  capable  of  growing  in  soil  pmctically  devoid  of 
nitrogen,  and  consequenth'  great  difficulty  was  experienced  in  recon- 
ciling what  certainly  appeared  to  be  two  contradictory  statements. 
So  well  established,  however,  was  the  work  of  Boussingault  and 
others  that  no  very  great  doubt  was  cast  upon  the  (|uestion  of  how 
plants  obtained  their  nitrogen,  and  an  attempt  was  made  to  explain 
the  difference  through  some  inherent  peculiarity  of  the  legumes  them- 
selves. After  a  series  of  suppositions,  all  of  which  were  incorrect, 
Molriegel*  announced  at  a  scientific  meeting  in  18S6  that  the  source  of 
nitrogen  for  these  plants  was  unquestionably  the  atmosphere,  and  two 
years  later,  together  with  Willfarth,-^  he  demonstrated  the  fact  that  , 
the  growth  of  plants  in  soil  free  from  nitrogen  always  occurred  after 
the  development  of  nodules  or  swellings  upon  the  roots.  Later  the 
results  of  these  two  men  were  fully  substantiated  })v  many  other 
investigators,  and  the  explanation  of  the  long  unsolved  problem  was 
made  x)ossible.  The  statement  is  made  by  Doctor  Young ^  that  while 
the  discovery  of  the  fact  that  the  nodules  of  the  legumes  enabled  them 
to  fix  "free  nitrogen"  is  usualh'  ascribed  to  Helriegel,  in  reality 
"Messrs.  Hunter  and  McAlpine  were  teaching  the  same  fact  to  their 
^tudents  years  before.*'  Attempts  to  verify  this  statement  have  been 
unsuccessful. 

Although  Helriegel  and  Willfarth  were  x^robably  the  first  to  connect 
definitely  the  function  of  nitrogen  fixation  with  the  root  nodules,  they 
were  not  by  any  means  the  first  who  had  noticed  these  structures  or 
had  attempted  to  ascribe  some  function  to  them.     ^lalpighi/*  in  1HS7, 

'Kuhirs  B(?r.  a.  d.  Lab.  d.  Landwirthwh.  Inst.  Hallo,  1895,]).  111. 
'^Mein.  de  Chiin.  Ajfric.  et  de  Physiol.,  Paris,  1854. 
''Phil.  Traii<».  Hoy.  Soc,  London,  1861. 
'Tempt.  Rend.,  Paris,  xxxv,  1852;  xxxviii,  1S54;  xli,  1855. 
'Tagebl.  der  59  Versaninil.  Deutsch.  Naturforscher  u.  Aerzte  in  l?erlin,  1886. 
.^  Verlags'heft  zu  der  Zeitschr.  des  Verein»  fi'ir  Ru]>enzuckerindustrie  de.«  l)eut(?(hen 
ReiiliH,  Berlin,  18S8. 
V  Nineteenth  Century,  46,  1899,  i)p.  782-791. 
''Opera  Omnia,  Anatoni.  Plantar.,  H)87,  Pars  Setunda. 
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gives  a  descTiptioii  of  what  he  calls  the  gall  formations  of  the  legume>« 
and  in  the  early  part  of  the  last  century  Karl  von  Wulffen"  descril»e<i 
the  "•'tiny  tubercles''  which  occur  only  on  legumes,  and  recommeDd4^<l 
the  cidtivation  of  the  white  lupine  for  the  improvement  of  sandv  soil- 
Persoon  and  Fries,  according  to  Prazmowski,*  considered  the  growth?ito 
be  peculiar  fungi  related  to  Sclerotium,  and  DeCandoUe ''  believed  them 
to  be  lenticels.  By  both  Trevisanus ''  and  Kolaczek '  they  were  regardt^l 
as  normal  plant  structures,  the  lirst  maintaining  that  they  were 
undeveloped  buds  with  a  tubercular  formation,  w  hile  the  latter  called 
them  ''sponge  roots/'  and  believed  that  they  served  in  absoi'ptioii. 
The  first  complete  work  which  gave  the  detail  of  the  structure  of  the 
swellings  on  legumes  was  Woronin/  who,  in  1866,  very  satisfactorily 
descril)ed  them,  and,  f uithermore,  for  the  first  time  proiX)unded  the 
theorv  that  thev  were  caused  bv  vibrio-like  orsfanisms  which  he  di;>cov- 
ered  within  the  nodule.  From  this  time  up  to  the  date  of  Helrieo^elV 
definite  announcement,  there  were  numerous  investigatoi's  who 
attempted  to  solve  the  problem,  but  without  hitting  upon  its  solution. 
As  late  as  1887  Gasparini^  considered  them  merely  malformed  und 
swollen  lateral  roots,  and  the  most  of  those  concerned  with  the  ques- 
tion seemed  to  agree  w  ith  the  view  put  forw^ard  by  Eriksson,''  that  the 
swellings  were  a  purely  diseased  condition  produced  by  some  fungii>. 
While  at  first  the  observations  of  Helriegel  and  Willfarth  were  by 
no  means  universally  accepted  by  l)otiinists,  the  numerous  veriticati<Hi> 
of  their  work  by  Lawes  and  Gilbert,'  Atwater  and  Woods,^  Waixl.^ 
Kossowitsch,'  Wagner,'^*  and  man\'  others  soon  left  no  other  explana- 
tion possible,  and  it  became  practically  an  accepted  fact  that  all  legume> 
were  beneficial  to  the  soil  because  of  the  presence  of  peculiar  swell- 
ings upon  their  roots  which  enabled  the  plants  in  some  way  to  acquii'e 
nitrogen  from  the  air.  On  the  other  hand,  the  nature  of  the  orgsin- 
ism  which  produced  the  tubercle  was  not  readily  decided,  and  even  up 
to  the  present  time  there  is  considerable  discussion  as  to  its  character 
and  systematic  position. 

'^  Ueher  den  Anbau  der  Weisseii  Lupine  im  Nordlichen  Deutschland,  Madgeburg. 
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'/Bot.  Zeit.wchr.,  1853. 
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18(>6. 

f7Ber.  derDentsch.  Bot.  (iesellsch.,  1887. 

/'  Acta,  Univ.  Lund.,  1874. 

^  Phil.  Trans.  Hoy.  Soc,  L<mdon,  dxxx,  B.,  1 — 107. 

J  Anier.  Cheni.  Jour.,  xiii,  1891. 

^•Phil.  Trans.  Roy.  Soc,  London,  vol.  178,  1887. 

'Bot.  Zeit.,  1892. 

w*  Deutach.  LandwirtliKch.  Presse,  1891}. 


DIRECT    EFFECT    OF    NODULES    UPON    LEGUMES.  15 

In  addition  to  the  idea«<  already  referred  to  that  the  nodules  werej^alls, 
the  result  ot  insect  or  worm  bites,  and  that  they  were*  due  to  patho- 
^enii*  funjifi,  the  view  was  advanced  by  Brunchorst'^  that  the  fungus- 
iike  stmnds  and  the  bacteria-like  bodies  had  no  connection  whatever, 
the  tirst  ])eing  of  true  fungus  nature,  while  the  latter  were  manufac- 
tured directly  by  the  plant  and  after  fultilling  an  unknown  purpose 
were  reabsori)ed.  This  author  suggested  the  name  h(trfrj'(tl(ls  for  the 
branched  and  rodlike  forms  discovered  by  Woronin,  and  maintained 
that  the  root  tubercles  were  normal  structures  formed  for  the  purpose 
of  absorbing  these  when  their  function  was  complete.  Frank,*  whp 
had  previously  advanced  other  views  on  the  subject,  at  once  acce])ted 
the  statement  of  Brunchorst,  his  former  pupil,  but  went  a  step  further 
and  maintained  that  even  the  fungus-like  strands  were  products  of  the 
legume  cell,  and  that  the  whole  nodule  was  merely  an  organ  for  absorb- 
ing nitrogenous  substances  from  the  soil.  Schindler^'  likewise  coin- 
cided with  most  of  these  views,  and  Tschirsch''  elaborated  the  point 
in  regard  to  the  origin  of  the  strands  and  "bacteroids*-  to  the  fullest 
extent. 

Enough  has  been  given  to  show  the  great  diversity  of  opinion  among 
the  leadinif  authorities  with  regard  to  both  the  cause  and  result  of  the 
root  nodules  of  legumes.  A  great  many  other  observations  might  be 
referred  to,  but  they  would  add  so  materially  to  the  length  of  this 
bulletin  and  to  so  little  purpose  that  it  seems  best  not  to  consider 
them.  The  more  important  investigations  necessary  for  a  proper 
understanding  of  the  present-day  opinions  will  l)e  referred  to  at  the 
particular  point  to  which  they  especially  apply. 

DIBEGT  EFFECT   OF  NODUIiES  UPON  LEGUMES. 

The  actual  benefit  of  the  presence  of  root  nodules  upon  various 
leguminous  plants  has  been  so  thoroughly  demonstrated  by  numerous 
observers,  both  in  this  countrv  and  abroad,  that  it  hardiv  needs  further 
proof  at  this  time.  As  has  already  been  referred  to,  the  early  work 
of  Helriegel  and  Willfarth,  together  with  that  of  Lawes  and  (Tin>ert 
and  of  Warington  in  England,  and  of  Atwater  and  Woods  in  this 
country,  was  quite  sufficient  to  demonstrate  the  close  connection 
between,  the  fixation  of  nitrogen  in  some  way  by  the  plant  and  the 
presence  of  the  tu})er-like  swellings  on  its  roots,  and  there  are  few,  if 
any,  who  would  maintain  that  this  peculiar  function  is  not,  undermost 
circumstances,  distinctlv  beneficial. 

The  direct  effect  of  the  nodule-forming  bacteria  upon  legumes  may 
be  demonstrated  either  by  means  of  greenhouse  ex|)eriments  conducted 

«Ber.  der  Deutpch.  Bot.  Gesellsoh.,  Ill,  ISSo. 
^Deiitsoh.  Landwirthsrh.  Presse,  18S6. 
^  Journ.  fi'ir  Liinchvirthsch.,  xxxiii,  1S85. 
tf  Ber.  der  Deutsch.  Bf)t.  GeHelljr^ch.,  VII,  1SS7. 
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under  controlled  conditions  or  hy  observations  upon  distinct  groups  of 
plants  in  the  field,  one  lot  grown  in  contact  with  the  bacteria,  the  other 
without.  Atwater  and  Woods"  were  the  first  investigators  to  show 
that  legumes  planted  in  quartz  sand  from  which  all  nitrogenous  matter 
had  l)een  burned  and  watered  with  a  nutrient  solution  devoid  of  nitro- 
gen in  any  fixed  form  would  flourish  and  produce  a  normal  growth 
when  root  nodules  were  present,  but  would  perish  as  readily  as  wheat 
or  corn,  or  similar  plants  when  deprived  of  the  proper  bacteria.  This 
experiment  has  been  repeated  since  by  numerous  investigators,  with 
various  modifications,  until  it  is  universally  believed  that  the  presence 
of  the  bacteria  is  of  the  utmost  importance  and  necessity  to  the  legume 
when  growing  in  a  soil  containing  little  or  no  nitrogen.  Indeed,  it  is 
possible  to  demonstrate  that  a  legume  growing  in  a  poor  sandy  soil 
provided  with  nodule- forming  bacteria  will  be  even  more  vigorous  and 
produce  a  better  crop  than  plants  growing  in  moderately  rich  soil 
devoid  of  the  bacteria.  This  fact  is  well  illustrated  by  the  following 
experiment:  Three  pots  of  sand  from  which  all  nitrogen  had  been 
burned  were  planted  with  yellow  vetch  seed  and  treated  in  the  following 
manner:  Pot  No.  1  was  inoculated  with  nitrogen-fixing  organisms  and 
watered  with  a  nutrient  solution  devoid  of  nitrogen.  Pot  No.  2  was 
not  inoculated,  but  w^as  watered  with  the  same  nitrogen-fre^  solution. 
Pot  No.  3  was  likewise  uninoculated  but  was  supplied  with  a  liberal 
amomit  of  nitrogen  in  the  form  of  potassium  nitmte.  The  results  were 
as  follows:  Pot  No.  1,  which  was  inoculated,  grew^  plants  avemging  (>.lf» 
grams  in  weight.  Pot  No.  2,  which  had  no  nitrogen  provided,  showed 
the  poorest  growth,  average  plants  but  0.33  gram  in  weight,  while  pot 
No.  3,  which  was  well  fertilized,  produced  plants  weighing  but  2.65 
grams.  That  is  to  say,  in  this  particular  instance,  the  inoculated  vetch 
exceeded  the  uninoculated  but  fertilized  vetch  nearly  three  times  in 
weight,  while  plants  receiving  no  nitrogen  were  nearly  twenty  times 
smaller  than  those  having  nodules.  Similar  results  have  been  obtained 
in  the  field. 

Kev.  William  Brayshaw,  of  Grayton,  Md.,  reports  that  he  ''sowed 
two  lots  of  seed  side  by  side,  one  inoculated,  the  other  with  100  {)ounds 
of  South  Carolina  rock.  Inoculated  made  double  the  growth  and  bade 
fair  to  give  three  times  the  quantity  of  hay.'' 

With  peas,  S.  N.  Lowry,  of  Philadelphia,  found  that  '•inoculated 
vines  yielded  once  and  a  half  the  crop  yielded  from  ground  not  inocu- 
lated, but  which  was  manured,"  and  Jeremiah  Gardner,  of  Gaff ney, 
S.  C,  writes,  "My  peas  were  better  than  the  j^eas  of  others  who 
used  conmiercial  fertilizer.  They  ripened  early  and  evenly.  I  con- 
sider inoculation  a  boon  to  agriculture."" 

tfConn.  Storrn  Ag.  Kxp.  Sta.  Kept.,  1889,  p.  211;  and  1890,  p.  312. 


DIRECT   EFFECT   OF   NODULES    UPON    LEGUMES.  17 

II.  D.  Rixley,  of  Utica,  N.  Y.,  reported  that  inoculation  of  five  acres 
of  poos  was  in  "every  way  satisfactory'.  Got  as  large  a  yield  per  acre 
a,s  on  five  acres  in  same  field  with  heav^y  barnyard  fertilization." 

With  Canada  field  peas  G.  L.  Thomas,  near  Auburn,  Me.,  Wius  able 
to  secure  about  the  same  yield  with  inoculation  that  he  obtained  upon 
similar  land  after  the  addition  of  800  pounds  of  fertilizer  and  1  ton  of 
barnyard  manure,  at  less  than  one-half  the  cost. 

One  of  the  first  as  well  as  the  most  satisfactory  demonstrations  of 
the  beneficial  effect  of  the  presence  of  nodule-forming  bacteria  upon 
leguminous  crops  was  made  b}'  Prof.  J.  F.  Duggar"  at  the  Alabama 
Experiment  Station  in  1896  and  1897.  In  one  field  where  hair\^  vetch 
had  not  been  grown  previously  and  the  fertilizer  used  contained  phos- 
phoric acid  and  potiish  without  any  nitrogen,  the  yield  was  but  235 
pounds  of  hay  per  acre.  On  a  similar  plot,  treated  in  a  similar  man- 
ner, with  the  exception  of  the  addition  of  some  soil  from  an  old  field 
containing  the  proper  bacteria,  the  yield  of  hay  was  2,540  pounds,  or 
an  increase  of  ov^er  1,000  per  cent.  Similar  experiments  with  field 
pea.s,  clover,  and  other  legumes  showed  an  increase  of  from  50  to  300 
per  cent  in  those  plants  bearing  tubercles  as  compared  with  those  not 
possejssing  them. 

In  addition  to  these  pioneer  experiments  of  Duggar,  there  have 
been  numerous  other  investigators  in  this  country  who  have  obtained 
similar  results.  The  experiment  stations  in  Mississippi,  Kentucky', 
Kansas,  and  elsewhere  have  almost  without  exc-eption  demonstrated 
most  strikingly  the  immediate  advantage  of  the  presence  of  nodules 
in  all  leguminous  crops. 

Perhaps  one  of  the  most  satisfactory  demonstrations  of  the  ability 
of  legumes  to  put  nitrogen  into  the  soil  was  the  one  carried  on  at  the 
Kothamsted  Experiment  Station*  in  England  for  a  number  of  years. 
Indeed,  the  great  value  of  the  experiments  consists  in  the  compara- 
tively long  period  of  time  which  the}^  cover,  thus  permitting  a  thor- 
ough comparison  of  results  and  a  more  perfect  elimination  of  external 
factors.  In  a  series  including  white  clover,  vetches,  lucern,  and  other 
legumes,  begun  in  1878  and  continued  for  twenty  years,  it  was  found 
that  in  the  first  27  inches  of  soil  the  ten  sets  of  samples  taken  from 
leguminous  plots  averaged  6,604  pounds  of  total  nitrogen  per  acre, 
while  the  three  sets  of  wheat  soils  averaged  but  5,847  pounds,  showing 
an  average  gain  of  757  pounds  of  nitrogen  per  acre  under  the  influence 
of  leguminous  vegetation.  It  should  also  be  borne  in  mind  that  the 
annual  output  of  nitrogen  in  the  crops  from  leguminous  land  was  very 
much  greater  than  from  the  other  plots,  in  most  cases  being  more  than 
twice  the  amount  of  nitrogen  per  acre.     Where  an  acre  of  wheat  and 

«Ala.  Exp.  Sta.  Bui.  76,  18^*7. 

ftU.  S.  Dept  Agr.,  Of.  Exp.  Sta.  Bui.  8,  1892, 
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fallow  lands  yielded  only  12  pounds  of  nitrogen  per  annum,  white 
clover  produced  24  pounds,  so  that  in  addition  to  the  actual  accumu- 
lation of  nitrogen  in  the  soil  there  is  a  tremendous  output  of  orc^nic 
nitrogen  in  the  crops,  which  has  been  fixed  from  the  atmosphei-e,  a 
large  part  of  which  will  become  available  if  the  crop  is  turned  back 
into  the  soil  as  a  green  manure. 

EFFECT  OF  NODTTLE-BEABING  LEGX7MES  UPON  STTGCEEBrN'O 

CBOFS. 

Another  graphic  way  of  showing  the  effect  of  a  leguminous  crop 
possessing  nitrogen-fixing  nodules  upon  a  soil  is  to  note  the  vast  dif- 
ferences between  crops  of  grain  or  vegetables  that  follow  legumes  and 
a  similar  crop  grown  on  fallow  land  or  following  a  grass  or  vegetable 
crop.  In  addition  to  the  experience  of  every  scientific  farmer,  which, 
of  course,  has  given  rise  to  the  very  common  practice  of  including 
some  legume  in  rotation,  the  results  of  trials  by  nearly  every  experi- 
ment station  in  the  United  States  have  shown  time  and  again  the 
importimce  and  even  neccssit}'  of  sowing  the  land  to  some  leguminous 
crop  at  the  end  of  a  definite  period.  It  is  easily  proved  that  part  of 
this  benefit  is  due  to  the  additional  amount  of  nitrogen  fixed  b}"  the 
root  nodule  and  not  to  the  unusual  length  of  the  root  S3'stem  or  other 
peculiarities  of  the  plant. 

J.  F.  Hickman^  showed  that  wheat  sown  on  very  poor  cla}'  land 
where  MeUlotui<  ajha  had  been  grown  for  three  years  yielded  26.9 
bushels  per  acre,  while  the  same  variety  on  adjoining  land  which  had 
been  in  corn  and  oats  produced  but  18.6  bushels. 

F.  E.  Emery  *  gives  a  record  of  the  yields  in  three  and  four  years 
from  plots  on  which  wheat  had  been  grown  continuously.  The  land 
upon  which  a  crop  of  cowpeas  was  grown  every  summer  increased  the 
yield  of  grain  in  1891  by  an  average  of  13. 78  bushels  i)er  acre,  and  in  1892 
by  15.6  bushels.  In  addition,  the  use  of  cowpeas  as  a  manure  resulted 
in  nearly  doubling  the  number  of  stalks  per  stool  and  increased  the 
height  of  the  plants  by  nearly  9  inches  and  the  length  of  the  heads  by 
5^'  inches. 

F.  E.  Gardner,  and  Davenport  and  Fi'aser,  in  the  Illinois  Experi- 
ment Station  Bulletins  Nos.  37  and  42,  show  that  corn  grown  in  rota- 
tion with  oats  and  clover  yields  40  per  cent  more  than  corn  in  contin- 
uous culture, 

A.  T.  Neale*' demonstrates  that  one  dollar  invested  in  clover  seed 
returns  four  times  as  much  as  one  dollar  invested  in  nitrate  of  soda. 
Four  acres  dressed  with  pea  vines  yielded  93  bushels  of  rye;  four 
acres  of  timothy  sod  yielded  18  bushels  of  rye.  Thus,  green  manure 
with  peas  increased  the  rye  crop  more  than  fivefold. 

"Ohio  Exp.  Sta.  Bui.  42.  ^>  N.  C.  Exp.  Sta.  Bui.  91. 

«^Del.  Exp.  Sta.  Kept,  1892. 
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J.  F.  Duggar**  found  that  oats  grown  after  cowpeas,  the  vines  hav- 
ing been  plowed  under,  produced  10.4  bushels  of  grain  and  221)  pounds 
of  straw  per  acre  more  than  oats  grown  after  German  millet  plowed 
under  as  fertilizer.  The  average  3'ield  of  oats  per  acre  after  velvet 
beans  was  33.6  bushels,  after  cowpeas  31.6  bushels,  and  8.4  bushels 
after  crab-grass  and  weeds  and  German  millet. 

R.  H.  Miller  and  S.  H.  Brinkley*  have  shown  that  when  crimson 
clover  was  plowed  under  as  a  manure  early  in  May  the  yield  of  pota- 
toes was  increased  by  more  than  19  bushels  per  acre  the  first  3ear  and 
34.4  bushels  the  second  year,  or  more  than  50  per  cent. 

G.  B.  Irby,*^  in  experimenting  to  determine  the  value  of  cowpeas  to 
succeeding  crops  of  cotton,  found  that  fields  where  no  fertilizer  was 
used,  but  which  had  been  sown  to  cowpeas,  gave  a  difference  of  372 
pounds  of  seed  cotton  per  acre  over  those  where  fertilizers  had  been 
added. 

On  the  other  hand,  some  experiments  with  soy  beans  at  the  Massa- 
chusetts Experiment  Station^  would  seem  to  indicate  that  legumes  do 
not  always  have  a  beneficial  effect  upon  the  succeeding  crop.  W.  P. 
Brooks  and  H.  M.  Thompson,*  in  the  Massachusetts  Hatch  Experi- 
ment Station  Report  for  1899,  recorded  such  results.  Goesniann^ 
some  seven  years  earlier  had  had  the  same  experience  with  this  crop, 
finding  that  the  increase  in  yield  was,  in  general,  proportionate  to  the 
amount  of  nitrogen  which  he  had  added  jis  fertilizer.  In  1896,  Goes- 
mann's^  results  showed  "that  there  was  not  the  least  evidence  of  any 
ability  on  the  part  of  the  soy  bean,  when  grown  before  a  gmin  crop 
and  harvested,  to  make  nitrogen  manuring  of  the  grain  crop  unneces- 
sary." 

The  examples  demonstrating  the  great  benefit  which  a  leguminous 
crop  has  upon  the  succeeding  crop  might  be  extended  indefinitely,  but 
enough  have  been  given  to  prove  that  it  is  the  almost  universal  belief, 
as  the  result  of  definite  experiments,  that  a  leguminous  crop  is  equal 
to  a  considerable  amount  of  nitrogenous  fertilizer,  and  that  the  crop 
which  follows  the  legume  is  benefited  to  a  marked  degree.  In  Ger- 
many the  number  of  pounds  per  acre  of  nitrogen  added  to  the  soil  by 
legumes  is  estimated  at  200  pounds.  In  the  United  States  the  average 
from  sixteen  States  is  122  pounds.  When  it  is  remembered  that  a  high 
grade  of  nitrate  of  soda  contains  but  about  15  per  cent  of  nitrogen, 
while  much  that  is  on  the  market  contains  considerably  less,  it  will  be 
seen  that  a  crop  of  legumes  is  equal  to  from  800  to  1,000  pounds  of 
nitrate  of  soda  per  acre,  which  at  the  present  rate  for  this  fertilizer  is 
equal  in  value  to  from  ^20  to  ^25. 


a  Ala.  Exp.  Sta.  Hul.  105,  189^).  ^Ibid.,  1899,  p.  32. 

&Md.  Exp.  8ta.  Buls.  31,  p.  75,  and  38,  p.  58.  /Ibid.,  1892,  p.  170. 

cArk.  Exp.  Sta.  Bui.  46,  1897,  p.  86.  J^Ibid.,  1896,  p.  171. 
<<Ma88.  Hatch.  Exp.  Sta.  Rept.,  1899,  p.  37. 
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ABTIFICIAL  INOGTTLATION  OF  THE   SOIL. 

Since  the  desirability  of  introducing  a  leguminous  crop  into  rotation 
seemH  to  be  of  such  importance,  and  the  benefits  to  be  obtained  from 
a  nodule-bearing  plant  are  so  evident,  it  is  natuml  that  every  effort 
has  been  made  to  obtain  crops  which  possess  the  power  of  using 
atmospheric  nitrogen.  It  has  been  found,  however,  that  although  in 
a  great  many  instances  the  organisms  producing  nodules  are  naturally 
abundant  in  the  soil  and  the  mere  planting  of  the  legume  seed  is  suffi- 
cient to  produce  a  crop  capable  of  fixing  nitrogen,  there  are  also  some 
localities  which  are  devoid  of  the  necessary  bacteria,  and  in  such 
places  the  leguminous  crop  is  of  no  more  benefit  to  the  soil  tlian  com 
or  wheat,  or  other  crops  whose  yield  might  be  a  greater  source  of 
revenue. 

SOIL  TRANSFER. 

It  therefore  has  become  necessarv  to  devise  some  means  of  arti- 
ficially  introducing  into  the  soil  the  nodule-producing  bacteria,  and 
naturally  the  simplest  means  of  accomplishing  this  has  been  to  trans- 
fer earth  known  to  contain  the  proper  organisms  and  capable  of  pro- 
ducing nodules  to  the  fields  where  it  was  desirable  to  introduce  such 
bacteria.  This  soil -inoculation  method  is  one  which  has  been  prac- 
ticed widely,  both  in  this  country  and  abroad,  oftentimes  with  the 
best  results,  but  not  with  universal  success.  Reports  have  l)een 
received  from  v^arious  places  stating  that  even  where  soil  known  to 
contain  the  proper  germs  was  used  the  result^5  were  not  satisfactory. 
That  this  failure  was  not  due  to  the  character  of  the  soil  or  other 
adverse  conditions  is  proved  by  the  success  of  other  methods  of  inocu- 
lation upon  the  same  kind  of  land  at  the  same  time.  The  large  amount 
of  earth  necessaiy  to  produce  thorough  inoculation  often  makes  it  a 
laborious  and  expensive  process  when  the  fields  to  be  treated  are  at 
a  considerable  distance.  In  addition  to  the  expense  and  labor  involved, 
however,  there  is  a  more  serious  objection  because  of  the  possibility 
of  transferring  plant  diseases  from  one  field  to  another. 

H.  C.  Coesten,  of  Walnut,  Kans.,  reports  having  transplanted  the 
^Meaf-blight"  to  his  field  by  this  method,  and  many  instances  are  known 
in  the  South  of  the  wilt  of  cowpeas  being  disseminated  b}^  carrying 
soil  from  one  field  to  another.  There  can  be  no  doubt  that  certain 
diseases  of  plants,  the  spores  of  which  remain  in  the  earth,  are  widely 
disseminated  b\^  such  a  means  of  attempting  to  produce  inoculation  by 
the  transfer  of  soil;  and  where  the  disease  is  one  which  causes  great 
damage  to  leguminous  crops  and  is  readily  transported,  it  has  become 
necessary  to  abandon  inoculation  altogether.  There  is  also  great 
danger  of  introducing  o])je(^tionable  weeds  wherever  soil  from  one 
locality  is  introduced  into  another  region.  Even  though  the  weeds 
may  not  have  been  serious  in  the  first  field,  the  great  numbers  of  dor- 
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mant  seeds  which  often  require  but  the  slightest  change  in  onviron- 
ineut  to  produce  gennimition  are  always  a  menace,  and  a  number  of 
instances  have  been  reported  to  the  Department  wliore  the  desired 
leguminous  crop  was  completely  choked  out  In^  the  introduced  weed. 
The  director  of  the  Mississippi  Experiment  Station  writes:  ''Ownngto 
the  fact  that  our  alfalfa  fields  are  more  or  less  full  of  Johnson  gi'ass, 
we  are  unable  to  send  soil  for  the  purpose  of  inoculation  without  dis- 
tributing this  objectionable  grass  to  sections  w^here  the  farmers  are 
trying  to  keep  it  out." 

NITKAGIN. 

In  order  to  escape  the  difficulties  previously  mentioned,  Nobbe  con- 
ceived the  idea  of  bringing  about  inoculation  b}'  means  of  pure  cul- 
tures. This  was  to  be  accomplished  by  isolating  from  the  nodule  by 
means  of  a  gelatin  plate  the  right  organisms  and  then  transferring  to 
tubes  or  bottles  containing  nutrient  agar.  To  this  culture  of  nodule- 
forming  bacteria  was  given  the  trade  name  of  '*  nitragin."  Seventeen 
diflferent  kinds  of  nitragin  were  prepared  from  the  nodules  of  as  man^^ 
different  plants,  and  arrangements  were  made  to  have  them  put  up  on 
a  large  scale  and  placed  upon  the  market  by  a  well-known  firm  of 
manufacturing  chemists.  Experiments  with  nitragin  in  Germany  met 
with  varying  degrees  of  success.  In  some  iiisbinces  its  use  seemed  to 
produce  an  abundant  formation  of  nodules,  while  in  other  cases  no  ben- 
efit could  be  obtained.  In  this  country  the  results  o})tained  by  Dug- 
gar  were  very  satisfactory,  but  certain  other  investigators  were  not 
able  to  secure  inoculation. 

W.  M.  Munson,^  while  having  fair  success  with  soy  beans,  failed  to 
get  any  satisfactory  results  with  clovers,  peas,  vetches,  and  other 
legumes,  and  his  results  did  not  warrant  the  recommendation  of  the 
use  of  nitragin  for  a  leguminous  crop. 

W.  P.  Brooks*  tried  nitragin  on  crimson  clover,  alfalfa,  and  common 
red  clover  without  appreciable  effect.  B.  D.  Halstead^  experimented 
with  a  number  of  legumes  and  tried  three  different  kinds  of  nitragin, 
and  as  a  result  there  was  no  evidence  that  nitragin  was  of  any  value  in 
the  formation  of  nodules. 

More  recently,  Maria  Dawson,^  in  a  series  of  experiments  extending 
over  three  consecutive  years,  concluded  that  on  peat,  clay,  loam,  or 
ordinary  garden  soil  the  inoculation  with  nitragin  proved  to  be  both 
useless  and  supeiiluous. 

In  spite  of  these  failures,  however,  a  large  number  of  citations  might 
be  given  which  indicate  that  under  certain  favorable  conditions  nitra- 

« Maine  Exp.  Sta.  liepts.,  1897,  p.  144,  and  1898,  p.  208. 
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gin  was  successful  in  producing  nodules  upon  leguminous  crops.  Th 
chief  difficulties  seem  to  have  been  in  securing  cultures  of  the  prope 
degree  of  virulence  and  in  preventing  deterioration  Ixjcause  of  beii^ 
subjected  to  too  much  heat  or  varying  degrees  of  moisture.  The  ag 
of  the  culture  was  also  of  importance,  the  manufacturers  limiting  th 
time  of  efficiency  to  about  six  weeks.  Owing  probably  to  inabilit 
to  maintain  the  efficiency  of  the  culture  to  its  highest  degree,  and  th 
adverse  conditions  to  which  it  was  often  subjected  during  transports 
tion,  the  percentage  of  failures  in  the  use  of  nitragin  was  so  grea 
that  its  manufacture  was  given  up,  and  it  is  no  longer  for  sale  unde 
that  name.  Consequently,  even  though  this  preparation  had  beei 
found  to  be  satisfactory  in  Europe,  the  necessity  for  devising  aonw 
method  of  producing  nitrogen-fixing  nodules  free  from  the  objection 
able  features  of  transferring  soil  remained  the  same.  For  this  reasoi 
the  Laboratory  of  Plant  Physiologj^  of  the  Department  of  Agricultun 
undertook  a  scientific  investigation  of  the  root-nodule  organism,  an< 
as  a  result  it  is  believed  that  a  thoroughly  practical  and  satisfacton 
method  of  bringing  about  artificial  inoculation  has  been  devised. 

NATTTKE  OF  THE  OBGANISM. 

Before  any  improvement  could  be  hoped  to  be  made  upon  method 
already  in  use  for  bringing  about  artificial  inoculation  it  was  necessarj 
to  become  thoroughly  acquainted  with  the  precise  nature  of  the  nodule 
forming  organism,  for,  in  spite  of  the  fact  that  these  organisms  occui 
in  great  quantities  and  that  the  interior  of  the  nodule  constitutes  whal 
is  practically  a  pure  culture,  there  has  been  the  widest  diflFerence  oi 
opinion  as  to  the  morphology  and  life  history  of  these  bodies.  Beye- 
rinck^  was  the  first  to  cultivate  the  bacteria  successfully,  although  n 
year  previous  Marshall  Ward*  had,  by  a  series  of  careful  experiments, 
established  the  fact  that  the  nodule  was  due  to  some  fungus-like  orgao- 
ism  present  in  the  soil,  and  as  early  as  1886  Woronin*  expressed  a 
belief  that  the  cause  of  these  abnormal  growths  was  due  to  foreign 
organisms,  possibly  the  ''vibrio-like  bodies"  which  he  was  the  fii'st to 
discover  and  describe. 

One  reason  for  the  different  theories  in  regard  to  the  true  cause  of 
the  legume  nodule  has  undoubtedl}^  been  on  account  of  the  various  and 
diverse  forms  assumed  by  the  organisms  found  in  the  nodule  at  differ- 
ent times  and  under  different  conditions.  An  examination  of  a  mature 
nodule  of  almost  any  legume  will  show  large  numbers  of  rod-shaped 
bacteria  as  well  as  the  characteristic  branched  forms,  but  it  is  probable 
that  in  most  cases  the  organism  producing  the  infection  is  different 
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from  either  of  those,  being  an  extreniely  minute,  motile  rod  usually 
measuring  less  than  1  micron  in  length  and  about  0.2  of  a  mieron  in 
width.  Aeeording  to  Beyerinck,  there  is  a  single  ilagellum  attached 
to  the  posterior  end  of  these  "  rovers,'-  but  repeated  effortvS  have  failed 
to  demonstrate  this,  although  there  is  no  question  about  motility. 

These  minute  bacteria  gain  admission  to  the  plant  through  the  root 
hairs,  a  number  of  them  often  penetrating  the  same  hair.  It  requires 
but  a  short  time  for  them  to  increase  greatly  in  number,  and  there  is 
then  formed  the  strandlike  colony  of  bacteria  which  has  been  respon- 
sible for  the  idea  that  the  nodules  were  formed  by  true  fungi.  One  of 
the  first  and  most  thorough  investigations  of  these  fungus-like  threads 
was  made  by  Ward,^'  who  followed  their  development  from  the  root 
hairs  to  the  cells  of  the  nodule,  and  came  to  the  conclusion  that  the 
bacteria-like  bodies  originated  by  a  kind  of  budding  from  enlarged 
portions  of  the  ''hyphse."  Because  of  the  resemblance  of  this  pro- 
cess to  certain  known  methods  of  forming  spores  in  the  Ustilagineae, 
he  considered  the  cause  of  nodules  to  be  due  to  a  fungus  related  to 
this  group.  Eriksson,*  Cornu,^  Prillieux,^'  and  Kny*^  have  all  held 
similar  views  as  to  the  fungus  origin  of  the  nodule.  Frank,*  while  at 
first  adhering  to  this  theory,  lati^r  came  to  consider  the  nodule  a  natural 
formation  of  the  legume  root  developed  for  the  pui-pose  of  absorbing 
nitrogenous  substances  from  the  soil.  In  1890  the  same  author-^ 
returned  to  the  idea  of  an  external  cause  and  accounted  for  the  hyphal- 
like  structures  by  explaining  that  they  were  made  up  of  the  protoplasm 
of  the  cell  and  of  bacteria-like  bodies,  to  which  he  gave  the  name  of 
Hhizohlma  hgutninosarum.  Some  have  held  the  theory  that  because 
of  the  resemblance  of  these  strands  to  plasmodia,  the  cause  of  the 
nodule  must  be  due  to  a  myxomycete — possibly  a  form  related  to  the 
Plasmodiophora  of  the  Oucifereje. 

Careful  investigation  has  demonstrated,  however,  that  these  struc- 
tures resembling  hyphre  are  in  reality  nothing  more  than  a  zooglcea 
mass  formed  by  the  swelling  of  the  outer  layers  of  the  extremely  small 
bacteria  which  penetrate  the  root  hairs.  It  is  not  necessary  to  assume 
the  presence  of  minute  pores  in  the  cell  walls  to  account  for  the  man- 
ner in  which  the  strand  passes  from  one  cell  to  another,  as  was  done 
by  Bej^erinck,^'  for  the  same  secretion  which  enables  the  original 
organism  to  dissolve  the  wall  of  the  root  hair  will  also  in  greater  (|uan- 
tity  produce  the  same  effect  upon  the  root  tissue.  Although  these 
zooglcea  masses,  or  "infection  threads,''  are  usually  present  in  great 
numljers  in  the  young  nodules  of  most  legumes,  they  do  not  always 
occur,  and  it  is  not  necessary  that  the  bacteria  pass  from  cell  to  cell 
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in  this  form.  The  lupines  are  particularly  free  from  these  strands,  it 
often  being  difficult  to  find  them  even  in  the  root  hairs.  As  the  nodule 
develops,  due  to  the  irritation  set  up  in  the  cells  of  the  root  bj'  the 
entrance  of  the  l)acteria,  the  zooglcjea  threads,  which  were  at  first 
made  up  entirely  of  the  minute  bacteria,  begin  to  develop  bacteria  of 
a  larger  size  which  may  or  may  not  be  motile,  according  to  the  con- 
ditions under  which  they  are  grown.  These  larger  rod-shaped  bacteria, 
measuring  from  2  to  5  microns  in  length  and  about  1  micron  in 
width,  as  the}^  become  older  usually  give  rise  to  the  peculiar  branching 
forms  so  frequently'  described  and  considered  as  being  peculiar  to  the 
legume  nodule. 

How  these  branched  forms  originate  has  been  the  cause  of  some 
investigation  and  nuich  speculation.  According  to  Be\^erinck,"  the 
larger  rods  have  an  uns3'mmetrical,  one-sided  outline,  slighth^  curved 
at  the  middle  in  such  a  way  that  as  this  swelling  increases  the  two- 
armed  structure  is  attained.  The  generally  accepted  view  is  that  the 
branched  forms  are  degenerate  or  inv^olution  forms  of  the  rod-shaped 
bacteria,  and  for  this  reason  they  are  frequently  designated  as  bacte- 
roids.  Stutzer*  regards  them  as  a  higher  rather  than  a  lower  type, 
with  which  view  Hiltner^  takes  issue,  he  considering  them  merely 
enlarged  rod  bacteria.  Greig  Smith''  explains  the  so-called  branching 
by  regarding  the  nodule  organism  as  a  yeast,  which,  multiplying  by 
budding,  causes  the  various  shapes  assumed,  the  capsule  often  hinder- 
ing the  ready  separation.  While  there  is  no  reason  to  believe  that  the 
nodule-forming  organism  has  any  affinities  whatever  with  the  yeasts, 
there  are  good  grounds  for  the  belief  that  the  peculiar,  irregular  out- 
lines assumed  are  due  to  the  fact  that  as  a  single  rod-shaped  form 
divides,  it  is  under  certain  conditions  unable  to  free  itself  from  the 
enveloping  capsule,  and  consequently  two  or  more  individuals  are  held 
together,  giving  the  y  or  x  appeai^ance.  The  condition  is  not  so 
unusual  among  the  bacteria  as  is  generally  supposed,  similar  branch 
ing  forms  occurring  in  Myrohacterium  denitrificans  and  Pasteurui 
Tatnosa^*'  as  well  as  in  the  bacillus  of  tuberculosis.-^ 

Further  arguments  against  the  degeneration  theory  of  the  branched 
forms  are  to  be  found  in  the  fact  that  they  can  readily  be  produced  in 
artificial  cultures,  provided  the  conditions  arc  right.  A  faintly  acid 
medium  containing  potassium  phosphate  will  usually  produce  them  in 
a  short  time,  although  they  are  often  found  upon  jelly  of  different 
composition.     If  a  solid  medium  is  used,  the  surface  should  be  covered 
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with  a  thin  film  of  water;  if  fluid,  the  amount  in  the  flask  must  not  be 
too  threat.  Although  it  is  generally  supposcnl  that  the  irn^gulari}' 
branched  forms  occur  only  in  old  nodules,  this  is  by  no  means  the 
case,  aii  the>"  may  frecjuently  be  observnni  in  the  small,  recentl}' 
formed  nodules  of  young  plants. 

CKOSS-INOCULATION  AND  SPECIFIC  CHABACTEBS.  . 

Because  of  the  fact  frequently  observed  that  one  kind  of  legume 
would  not  produce  nodules  in  soil  which  abundantly  supplied  another 
legume  with  these  growths,  it  has  been  supposed  that  each  legume 
re(|uired  a  special  and  peculiar  nodule  organism.     Efforts  have  been 
made  to  distinguish  between  these  bacteria  specificalU',  and  separate 
names  have  been  assigned  to  the  microbes  from  the  nodules  of  peas, 
beans,  clover,  etc.     Most  investigators,  however,  have  been  unable  to 
disc^over  any   constant    difference   in    the    appearance   and    general 
characteristics  of  the  bacteria  of  the  v  arious  legume  ncxlules,  and  ev^n 
Beyerinck,  ^  who  described  at  least  two  distinct  groups  of  these  organ- 
isms, says  that  the  failure  to  produce  inoculation  upon  all  legumes 
with  one  microbe  is  a  difference  in  variety  rather  than  in  species.     In 
order   that  such  an  important  point  might  be  thoroughly  tested,  a 
large  number  of  legumes  were  grown  in  pots  in  the  greenhouse  for 
the  purpose  of  testing  the  eflBcacy  of  various  cultures  derived  from 
nodules  of  different  hosts.     The  seeds  were  either  planted  in  quartz 
sand  which  had  been  burned  red-hot,  or  in  earth  thoroughly  sterilized. 
All  of  the  usual  precautions  were  taken  in  regard  to  sterilizing  the  seed, 
the  water,  etc. ,  and  the  checks  proved  that  these  methods  were  adecjuate. 
It  would  occupy  too  much  space  to  give  the  results  of  all  the  cross- 
inoculation  experiments  carried  on,  but  a  single  example  will  suffice. 
Nodule- forming  bacteria  from  the  common  pea  {Plxitnt  mfivvtn)^  which 
had  been  grown  for  two  weeks  upon  nitrogen-free  media,  were  used 
for  inoculating  seed  of  the  following  plants:  Crimson  clover   {Tri- 
foliu?H  incai'iuituiii)^  red  clover  {Trifolhim  praUniHe)^  white  clover 
{Tnffjliuin  repens)^  berseem  {Tr!f(tl!uin  (iJt,i'a)idrinutii)^  alsike  (7/'/- 
foliurn  hylmdum)^   sweet   clover   {MelUotm   alha)^   cowpea   ( Vignu 
cdtjajig)^  alfalfa  {Mcdleago  satira)^  brojul  bean  (  V!r/(i  falni)^  common 
bean   {Ph/tHeohiJi  vulgar Ih)^  fenugreek   {TngnneUa  forn}im-gra*T\mi\ 
hairy  vetch  (Vicia  v'dlom)^  scarlet  vetch  (  VfchifidgmH)^  yellow  vetch 
( Vkta  hded)^  blue  lupine  {Luplnws  angmflfolhiH)^  and  white  lupine 
(Lftpunw  alf/m).     In  every  case,  with  the  exception  of  the  lupines, 
the  culture  produced  nodules.     Out  of  the  25  lupine  plants  one  had 
four  nodules,  but  this  was  probably  due  to  insufficient  sterilization 
of  the  seed.     A  great  many  similar  cross-inoculations  were  made  in 
every  possible  combination,  and   it  was   satisfactorily  demonstrated 
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that  it  is  possiWo  to  cause  the  formation  of  nodules  upon  practically  all 
lo^nnics,  IK)  matter  what  wa»s  the  source  of  the  original  orgHiiism>. 
provided  they  were  cultivated  for  some  time  upon  as^-nthetic  nitrogen- 
free  medium. 

It  is  undoubtedly  true  that  the  long  adaptation  of  the  bacteria  to 
the  special  conditions  obtaining  in  a  particular  species  of  legume 
enables  such  organisms  to  produce  more  abundant  nodules  in  a  shorter 
length  of  time  than  bacteria  isolated  from  some  other  legume  and 
grown  upon  nitrogen-free  media.  While  this  is  of  considerable  prac- 
tical importance,  and  will  probably  always  make  it  necessary  to  dis- 
tribute the  specific  organism  for  the  specific  crop,  it  does  not  in  any 
way  indicate  that  the  bacteria  found  in  the  nodules  of  beans,  pea^s, 
clovers,  etc.,  are  separate  species.  The  most  that  can  be  maintained 
is  that  there  is  a  slight  physiological  difference  due  to  the  long  asso- 
ciation with  a  plant  of  a  peculiar  reaction  which  enables  the  bacteria 
more  easily  to  penetrate  the  host  upon  which  they  have  been  accus- 
tomed to  grow.  These  slight  racial  chai'acteristics  can  readily  be 
broken  down  by  cultivation  in  the  laboratory,  and  it  is  entirely  passible 
to  secure  a  universal  organism  capable  of  producing  a  limited  number 
of  nodules  upon  all  the  legumes  which  now  possess  these  growths. 

As  the  result  of  experiments  carried  on  in  the  Laboratory  of  Plant 
Physiology  and  elsewhere,  it  is  a  generally  accepted  fact  at  the  present 
time  that  the  organism  producing  the  nodules  of  the  legumes  is  a  single 
species  of  bacillus  having  three  well-defined  forms.  These  are:  First,  a 
very  minute  motile  rod  occurring  in  the  soil  and  penetrating  the  root 
hairs,  which  may  or  may  not  develop  peculiar  strandlike  zoogloea  masses: 
second,  a  larger  rod,  measuring  from  0.6  of  a  micron  up  to  2.5  microns 
in  width  and  from  1.5  to  5  microns  in  length.  This  great  diversity  in 
size  does  not  occur  in  the  same  culture  or  nodule,  but  varies  according 
to  different  hosts.  The  larger  rods  are  likewise  motile  at  times,  and 
give  rise  to  the  third  form,  which  may  appear  to  be  variously  branched, 
but  in  reality  is  nothing  more  than  an  aggregation  of  two  or  moi-e  rods 
held  together  by  a  gelatinous  sheath.     Spores  are  not  known  to  exist. 

Cultivating  any  of  these  forms  upon  gelatin  produces  slowly  devel- 
oping colonies  of  a  clear,  transparent  appearance,  which  do  not  liquefy 
the  medium.  Similar  appearing  colonies  occur  upon  various  solid 
media  without  any  especial  characteristics  to  distinguish  them.  The 
organism  is  strongly  aerobic,  growing  best  at  a  temperature  of  from 
23"^  to  25^  C,  although  it  may  be  accustomed  to  a  temperature  as  high 
as  40^  C. 

There  docs  not  seem  to  be  any  necessity  for  creating  a  new  group  to 
include  these  organisms,  as  has  been  done  by  Frank,  under  the  name 
of  Rhizobium,  for  although  there  is  a  certain  amount  of  polymor- 
phism, it  is  no  greater  than  frequently  occurs  in  the  bacteria.  Conse- 
quently, the  name  proposed  by  Beyerinck  of  Bacillus  radicicola  would 
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be  retained  except  for  the  fact  that,  accordinj^  to  the  modern  interpre- 
tation of  this  genus,  the  organism  must  have  flagellar  over  the  entire 
surface.  According  to  Be^'erinck's  own  st4it<Mnent  and  other  observa- 
tions made  upon  both  minute  and  full-size  rods,  the  flagellte  are  found 
at  but  one  end.  For  this  reason  it  becomes  necessary  to  transfer  the 
nodule-forming  bacteria  to  the  genus  Pseudomonas,  the  name  then 
standing  as  Pseudorrumas  radicicola  (Beyerinck). 

METHODS  OF  CULTIVATIOK. 

The  usual  method  of  growing  the  nodule-forming  organism  ha^  been 
to  make  a  medium  from  a  decoction  of  the  particular  legume  upon 
which  the  organism  originally  grew.  This  was  the  method  used  by 
Nobbe  and  Hiltner,  and  the  latter"  has  gone  so  far  as  to  say  that  they 
can  only  be  grown  in  nutrient  media  containing  legume  extract.  This, 
however,  is  not  the  case,  the  number  of  organic  and  inorganic  sub- 
stances in  both  solid  and  liquid  media  upon  which  PHeudomoiias  radi- 
dcola  will  thrive  being  very  great.  More  than  fifty  different  com- 
binations consisting  of  various  nutrient  salts,  such  as  magnesium 
sulphate,  potassium  phosphate,  ammonium  phosphate,  together  with 
peptone,  sugar,  glycerin,  asparagin,  as  well  as  potato,  cabbage,  squash, 
etc.,  have  been  found  to  produce  at  least  a  fair  growth,  although  of 
course  an  extract  of  the  host  plant,  plus  1  to  3  per  cent  peptone,  with 
about  2  per  cent  cane  sugar,  will  give  the  most  luxuriant  growth  in 
the  shortest  time.  As  the  result  of  numerous  trials,  however,  it  has 
been  found  that  although  the  bacteria  increase  most  i^apidly  upon  a 
medium  rich  in  nitrogen,  the  resulting  growth  is  usually  of  ver}-  much 
reduced  virulence,  and  when  put  into  the  soil  these  organisms  have  lost 
the  ability  to  break  up  into  the  minute  forms  necessary  to  penetrate 
the  root  hairs.  They  likewise  lose  the  power  of  fixing  atmospheric 
nitrogen,  which  is  a  property  of  the  nodule-forming  bacteria  under 
certain  conditions. 

For  this  reason  the  mere  matter  of  an  abundant  growth  is  one  of  the 
least  desirable  considerations  in  propagjiting  these  orgjinisms  for  any 
practical  purpose,  and  a  medium  had  to  be  devised  which,  while  admit- 
ting of  a  fair  growth,  would  at  least  retain,  if  not  increase,  the  ability 
of  the  organism  to  produce  nodules  and  fix  nitrogen.  This  condition 
was  met  by  using  an  agar  for  plating  out  from  the  nodule  to  which  no 
nitrogenous  salt  was  added,  the  usual  combination  being  1  per  cent 
agar,  1  per  cent  maltose,  0.1  per  cent  monobasic  potassium  phosphate, 
and  0.02  per  cent  magnesium  sulphate  to  100  cubic  centimeters  of  dis- 
tilled water.  While  such  a  medium  is  not,  of  course,  absolutely  devoid 
of  fixed  nitrogen,  the  percentage  is  so  much  less  than  that  found  in  a 
legume  extract-peptone  combination  that  the  results  are  quite  satis- 
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factory.  Silica  jelly  was  also  used  as  a  solid  basis  to  which  the  above 
salts  were  added,  ji^iying  a  culture  inedium  as  free  from  nitrogen  as 
could  be  obtained. 

Bacteria  grown  upon  media  of  this  character  were  found  to  be  much 
more  yirulent  than  those  cultiyated  on  a  rich  nitrogenous  base,  and 
field  experiments  by  the  acre  showed  the  greatest  difference  in  the 
nodule-producing  power  of  organisms  grown  by  these  two  methods.* 
That  there  should  be  such  a  considerable  increase  in  the  nodule- 
forming  and  nitrogen-fixing  power  of  these  organisms  when  grown 
under  different  conditions  is  not  surprising  when  it  is  remembered 
how  susceptible  the  bacteria  are  to  a  change  in  their  environment  and 
the  i-apidity  with  which  new  generations  are  foniied.  Perc3'  Frank- 
land*  has  shown  that  the  mere  transfer  of  the  bacillus  which  ferments 
calcium  citrate  from  a  liquid  to  a  gelatin  medium  is  sufficient  to  cau!«e 
it  to  lose  its  fermenting  power.  Rosenau^  found  that  a  bacteriiun 
pathogenic  to  rats  loses  its  virulence  if  cultivated  in  contact  with  air, 
and  many  other  instances  of  the  great  rapidity  with  which  Imcteria 
may  modif}'  their  seemingly  fixed  functions  might  be  given.  There- 
fore, one  of  the  most  important  advances  in  developing  a  method  of 
perfecting  a  culture  of  the  nodule-forming  microbe  suitable  for  practi- 
cal purposes  consisted  in  getting  away  from  the  old  and  seemingly 
more  natural  methods  of  propagation  and  resorting  to  the  combination 
which  would  result  in  producing  a  type  of  fixed  virulence.  It  would 
seem  that  for  bacteriology  in  general,  helpful  and  necessary  as  the  solid 
nitrogenous  media  have  been,  much  information  of  value  has  been  lost 
by  abandoning  some  of  the  older  and  less  rapid  culture  methods. 

EFFECT  OF  VAKYING  GONDITIOKS. 

The  influence  of  heat,  light,  alkalinity,  etc.,  upon  the  organisms 
producing  nodules  is  of  considerable  practical  importance,  and  for  this 
reason  a  number  of  experiments  were  tried  to  ascertain  the  effect  of 
various  external  conditions  upon  the  growth  and  efficiency  of  the 
bacteria. 

LIGHT,  HEAT,  AND  AIR. 

As  the  result  of  numerous  tests,  it  was  found  that  except  for  the 
deleterious  effect  of  strong  sunlight  there  seemed  to  be  no  diflference  in 
organisms  grown  in  the  light  and  in  the  dark.  The  optimum  temper- 
ature is  from  28^  to  25^  C.,and  above  40°  C.  there  is  usually  no  appre- 
ciable growth.  It  was  not  possible  to  produce  death  by  any  degree  of 
cold,  although  below  10^  C.  practically  no  multiplication  took  place. 
The  presence  or  absence  of  air  was  found  to  be  of  the  utmost  importance. 
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Cultures  from  which  the  air  was  exhausted  soon  perished,  and  even 
cultures  in  tubes  filled  with  air  but  sealed  deteriorated  rapidly.  It  is 
also  undoubtedl}'  true  that  lack  of  air  prevents  the  formation  of  the 
branched  forms,  which  are  of  the  greatest  service  to  the  plant  in  sup- 
plying it  with  nitrogen.  This  is  one  reason  for  certain  nodules  being 
of  little  or  no  value  to  the  plant,  a  point  which  will  be  discussed  more 
fully  in  another  chapter.  The  aeration  of  the  medium  likewise  has 
considerable  to  do  with  increasing  the  abilit\^  of  the  organism  to  fix 
atmospheric  nitrogen  in  liquid  cultures,  and  the  necessity  for  securing 
an  allele  supply  of  air  in  soil  which  is  to  be  used  for  growing  legumes 
can  not  be  too  strongly  emphasized.  An  eflFort  was  made  to  deter- 
mine whether  the  necessity  for  a  good  supply  of  air  was  not  due  to  the 
presence  of  an  abundance  of  nitrogen  gas.  Tubes  in  which  the  air 
was  replaced  by  pure  nitrogen  were  able  to  sustain  vigorous  cultures 
of  the  bacteria  for  a  number  of  weeks,  and  it  seems  probable  that  this 
gas  is  really  the  only  essential  obtained  from  the  atmosphere.  The 
action  of  denitrifying  bacteria  in  the  soil,  releasing  large  quantities  of 
nitrogen  gas,  thus  becomes  a  most  important  source  of  supply  to 
nodule-forming  organisms. 

ACIDS  AND  ALKALIS. 

So  far  as  the  growth  of  the  organism  upon  culture  media  is  con- 
cerned, the  effect  of  acids  or  alkalis  within  reasonable  limits  has  no 
decided  effect.  Experiments  tried  upon  a  number  of  bacteria  from 
various  legume  nodules  proved  that  it  was  possible  for  them  to  flour- 
ish in  media  containing  as  high  as  0.05  per  cent  of  calcium  carbonate, 
as  well  as  in  media  containing  an  ccjual  percentage  of  free  citric  and 
other  similar  acids.  Trials  upon  plants  in  pots  demonstrated  the  fact 
that  the  bacteria  would  stand  any  degree  of  acidity  or  alkalinity  of 
the  soil  that  would  permit  the  growth  of  that  particular  legume.  In 
general,  it  may  be  said  that  potjissium  and  sodium  salts  in  strengths 
of  from  one-third  to  1  per  cent  often  entirely  inhibit  the  formation  of 
nodules,  and  less  quantities  reduce  the  formation  considerably,  while 
calcium  and  magnesium  salts  greatly  favor  their  production.  That 
this  action  is  due  to  the  production  of  an  osmotic  state  prejudicial  to 
the  entrance  of  the  organism  through  the  root  hairs,  as  suggested  b}- 
Marchal,"  is  a  possibility,  but  the  direct  effect  upon  the  germs  is  also 
a  factor  which  nuist  be  considered.  On  the  other  hand,  there  is  no 
question  that  with  lupines  and  certain  other  plants  adapted  to  acid 
soils  the  addition  of  calcium  and  magnesium  carbonate  is  as  injurious 
to  the  formation  of  nodules  as  it  is  to  the  plants  themselves. 

The  importance  of  neutralizing  the  acidity  of  certain  soils  in  order 
to  be  successful  in  growing  clover,  alfalfa,  etc.,  is  well  known,  and 
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the  addition  of  lime  is  frequently  recommended  where  such  crops  fail. 
In  such  cases  it  is  probable  that  the  acidity  of  the  soil  not  only  is 
prejudicial  to  the  growth  of  the  plant,  but  has  likewise  prevented  the 
development  of  the  nodule-forming  bacteria.  Thus,  the  addition  of 
the  lime  serves  a  double  purpose. 

According  to  Maze,  *  there  are  but  two  groups  of  nodule-forming 
organisms — those  adapted  to  an  acid  soil,  and  normally  found  on 
lupine,  broom,  furze,  etc.,  and  those  adapted  to  an  alkaline  soil,  occur- 
ring upon  most  of  the  common  forage  and  garden  legumes.  While 
experience  has  not  borne  out  this  theory  in  the  United  States,  there 
can  be  no  doubt  about  the  readiness  with  which  the  nodule  orgifhism 
from  calcium  soils  may  be  accustomed  to  live  upon  an  acid  medium, 
and  the  reverse;  and  there  is  every  reason  to  suppose  that  the  adapta- 
tion of  special  bacteria  to  suit  special  kinds  of  soil  may  be  readily 
brought  about. 

NITRATES. 

The  fact  that  the  nodules  do  not  occur  abundantly  upon  plants  grow- 
ing in  ver}'^  rich  earth  has  been  frequently  observed,  so  that  the  dele- 
terious effect  of  nitrogenous  substances  upon  artificial  cultures  is  to  be 
expected.  Alkaline  nitrates  in  the  proportion  of  1  to  10,000  are 
sufficient  to  prevent  the  formation  of  nodules,  and,  as  has  already 
been  referred  to,  the  cultivation  of  the  bacteria  upon  media  containing 
appreciable  quantities  of  nitrogen  for  any  length  of  time  is  sufficient 
to  cause  them  to  lose  both  the  powei'  of  infection  and  that  of  fixing 
atmospheric  nitrogen.  It  will  thus  be  seen  that  many  of  the  factors 
influencing  the  size,  number,  and  location  of  the  nodules  are  those 
affecting  the  bacteria  quite  as  much  as  the  plant,  and  any  information 
in  regard  to  the  life  history  of  the  organism,  together  with  the  physio- 
logical effect  of  conditions  and  substances  with  which  the  nodule- 
forming  bacteria  come  in  contact,  will  be  of  much  practical  importance. 
Plates  II,  III,  and  IV  illustrate  well  the  difference  in  the  effect  of  the 
same  bacteria  upon  the  same  kinds  of  plants  in  different  soils,  and  fully 
as  striking  difference  might  be  shown  where  the  moisture,  or  the 
acidity,  or  the  air  supply  varied. 

MOISTURE. 

Experiments  bj^  Gain  *  and  others  have  shown  that  with  peSvS,  beans, 
and  lupines,  watered  and  un watered,  the  number  of  nodules  in  moist 
soil  exceeded  those  in  dry  soil  from  ten  to  twenty  times,  and  experi- 
ments in  this  country  have  demonstmted  most  conclusively  that  the 
humidity  of  a  soil  greatly  favors  nodule  formation.  This  fact  must  be 
due  either  to  the  inability  of  the  organism  to  come  in  contact  with  the 
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root  hairs  in  the  absence  of  sufficient  moisture  or  to  a  failure  to  pene- 
trate the  root  hairs  under  such  conditions,  for  drought  is  in  no  way 
fatal  to  the  bacteria. 

WHERE  IS  NITBOOEN  FIXEDP 

Having  briefly  discussed  some  of  the  results  obtained  by  the  presence 
of  nodules  upon  the  roots  of  legumes,  and  having  indicated  the  char- 
acter of  the  organisms  causing  these  growths,  it  is  important  that  we 
inquire  into  the  precise  method  by  which  nodules  are  of  benefit  to  the 
plant,  if,  in  fact,  they  always  are  beneficial.  After  it  was  definitely 
established  that  the  legumes  were  actually  able  to  obtain  free  nitrogen 
from  the  atmosphere,  naturally  the  next  question  was  in  regard  to 
where  and  how  this  gas  was  fixed.  Frank  advanced  the  theory  that 
nitrogen  entered  the  plant  just  as  carbon  dioxid  does,  the  transforma- 
tion into  an  available  form  taking  place  in  the  leaves  in  the  same  way 
that  carbon  is  obtained.  This  view  soon  gav^e  way  to  a  second  one, 
which  maintained  that  the  nitrogen  was  fixed  in  the  soil  by  the  action 
of  the  bacteria  and  then  used  by  the  roots  in  the  same  way  that  anj'^  com- 
bined nitrogen  would  be(^ome  available.  Still  another  idea  has  been  that 
the  presence  of  nodule-forming  bacteria  in  a  plant  acted  as  a  stimulus 
which  enabled  it  to  use  nitrogen  gas  in  some  new  and  unknown  manner; 
and,  finally,  the  explanation  has  been  offered  that  the  nodules  with 
their  bacteria  act  as  accumulators  of  nitrogen  which  afterwards  be- 
comes available  for  the  plant  through  the  destruction  of  the  contents 
of  the  nodule.  One  of  the  points  which  might  assist  in  establishing 
this  latter  theor}'^  would  be  to  demonstrate  that  the  nodule  bacteria 
have  the  power  of  combining  free  nitrogen  within  their  own  cells. 
The  chief  difficulty  in  attempting  to  gain  such  proof  is  that  it  is  read- 
ily possible  that  although  they  possess  this  function  inclosed  in  the 
nodule,  the  power  might  be  lost  when  removed  from  contact  with  the 
host  plant  and  no  fixation  would  take  place  under  artificial  conditions. 
Indeed,  Maze,'*  in  discussing  the  fixation  of  free  nitrogen  by  the 
nodule-forming  organism,  claims  that  it  is  acquired  in  the  plant  and 
lost  in  the  soil.  That  this  property  is  quite  unstable  in  the  bacteria 
of  legumes  there  can  be  little  doubt,  and  it  is  not  surprising  that 
many  investigators  have  reported  an  absolute  failure  in  attempting  to 
demonstrate  the  fixation  of  nitrogen  by  these  bacteria  in  pure  cultures. 

Experiments  have  shown,  however,  that  the  nodule-fonning  organ- 
ism in  the  large  rod  stage  has  the  property  of  fixing  free  nitrogen 
independent  of  any  host  plant,  when  grown  upon  the  proper  media 
and  thoroughly  aerated.  In  order  to  demonstrate  this  fact,  90  Ehrlen- 
nieyer  flasks  containing  100  cubic  centimeters  each  of  culture  fluid 
were  inoculated  with  nodule-forming  organisms  from  red  clover,  soy 
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hoiin,  white  lupine,  hairy  vetch,  berseem,  and  garden  pea.  The  cul- 
ture medium  contained  magnesium  sulphate,  potassium  phosphate,  and 
maltose,  and  a  Kjeldahl  determination  showed  that  there  was  present 
per  100  cubic  centimeters  0.0003  gram  of  nitrogen  as  nitrites,  making 
a  fluid  as  free  from  nitrogen  as  could  be  obtained  under  the  circum- 
stances. After  inoculation,  air  which  was  first  passed  through  a  flask 
tilled  with  pumice  stone  and  sulphuric  acid  to  remove  any  ammonia 
was  drawn  through  the  flasks  by  an  aspirator.  Precautions  were  also 
taken  to  prevent  evaporation.  Kjeldahl  determinations  of  the  inocu- 
lated and  uninoculated  flasks  w^ere  made  at  the  end  of  one,  two,  and 
three  weeks,  and  in  every  case  a  most  decided  gain  in  nitrogen  was 
obbiined  bv  the  end  of  the  third  week.  Some  of  the  flasks  failed  to 
show  any  difl'erence  the  first  week;  in  fact,  the  analysis  indicated  in  a 
few  cases  that  instead  of  0.0003  gi'am  it  was  impossible  to  find  any 
trace  of  nitrogen.  This  was  probably  due  to  the  fact  that  the  organ- 
ism did  not  develop  very  rapidly  at  first  and  the  original  amount  of 
combined  nitrogen  was  used  before  any  free  nitrogen  was  fixed.  It 
may  be  that  this  took  place  in  all  the  flasks,  but  as  determinations 
could  not  be  made  oftener  than  every  seven  days  many  of  the  cul- 
tures had  begun  to  gain  before  the  analysis  was  made. 

The  actual  gain  as  above  determined  varied  from  0.0002  gram  to 
0.0022  gram  per  100  cubic  centimeters.  The  checks  or  uninoculated 
flasks,  of  which  there  were  twelve,  four  being  analyzed  at  the  end  of 
each  week,  at  no  time  showed  an  increase  over  the  original  0.0003 
gram  per  100  cubic  centimeters.  Thus,  it  would  seem  that  there  could 
be  little  doubt  about  the  power  of  Pseudonionds  radiciaAa  to  fix  free 
nitrogen  independent  of  any  leguminous  plant. 

A  second  series  of  the  same  number  of  flasks  w-as  started  some  time 
after  the  results  from  the  first  analysis  were  obtained,  in  order  to 
determine  whether  or  not  the  nitrogen  was  combined  with  the  potas- 
sium in  the  medium  or  was  actually  contained  in  the  cells  of  the  bac- 
teria. In  this  set  of  flasks  the  fluid  medium  was  varied  by  adding 
ammonium  phosphate  to  some  and  glycerin  to  others,  as  w^ell  as  by 
substituting  cane  sugar  and  peptone  for  maltose.  The  results  were 
practically  the  same  as  in  the  first  test,  except  that  the  percentage  of 
nitrogen  fixed  was  considerably  greater  in  the  flasks  containing  the 
ammonium  phosphate,  sometimes  showing  a  gain  of  0.0031  gram  per 
100  cubic  centimeters  in  three  weeks.  The  exact  composition  of  this 
liquid  was  as  follows:  Magnesium  sulphate  0.02  gram,  potassium 
phosphate  0.1  gram,  ammonium  phosphate  1  gram,  glycerin  1.5  cubic 
centimeters,  maltose  1  gram,  distilled  water  1,000  cubic  centimeters. 
After  growth  had  become  thoroughly  established  in  these  flasks  and  a 
Kjeldahl  determination  showed  that  nitrogen  was  being  accumulated 
to  a  considerable  extent,  the  remainder  of  the  fluid  was  filtered  through 
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a  Pasteur-Chamberland  filter  for  the  puri>o.se  of  reinovinjr  all  the  bac- 
teria. The  analysis  of  the  filtmte,  while  showing  a  small  percentage 
of  nitrogen,  established  without  question  that  a  very  large  proportion  of 
the  gain  in  nitrogen  was  due  to  the  enormous  increase  in  number  of 
the  nodule  organisms,  each  one  of  which  contained  a  minute  quantity 
of  this  element. 

Since  the  legume  bacteria  can  fix  nitrogen  and  store  it  up  within 
themselves,  it  becomes  necessary  to  investigate  carefully  the  behavior 
of  these  organisms  within  the  nodule  with  a  view  to  determining,  if 
possible,  how  the  nitrogen  is  supplied  to  the  plant  Analyses  of  the 
nodules  of  legumes  show  that  they  frequently  contain  as  high  as  7  to 
8  per  cent  of  nitrogen,  while  other  parts  of  the  plant  will  not  possess 
more  than  2  per  cent.  This  high  percentage  is  before  flowering  and 
the  fomiation  of  fruit,  it  being  a  well-recognized  fact  that  the  contents 
of  most  of  the  nodules  disappear  as  the  plant  reaches  maturity  and  the 
inclosing  tissue  shrivels  up.  Such  a  high  percentage  of  nitrogen  is 
not  constant,  however,  there  being  a  distinct  relation  between  the 
character  of  the  nodule  and  its  nitrogen  content.  As  a  rule,  it  may  be 
said  that  the  abnormally  large  nodules  contain  the  smallest  |)ercentage 
of  nitrogen,  the  most  efficient  forms  being  those  upon  the  smaller 
roots  of  medium  size.  Examination  of  the  nodules  of  such  sizes  as  to 
be  considered  unusual  shows  them  to  be  filled  not  with  branched  forms 
but  straight  rods,  which,  as  will  be  seen  later,  are  not  suited  to  supply 
nitrogen  in  any  quantity.  A  microscopical  examination  of  the  nodule 
at  this  time  will  demonstrate  that  whereas  formerly  it  was  [xacked  full 
of  the  bi'anched  capsulate  organisms,  these  have  now  nearly  disap- 
peared, leaving  only  a  few  rodlike  forms.  Chemical  analysis  of  the 
bacteria  themselves  indicates  that  they  are  largely  albuminous.  Frank 
found  certain  nodules  developing  amylodextrin,  and  he  attempted  to 
distinguish  between  the  organisms  fonning  this  substance  and  those 
producing  albumin.  It  is  not  believed,  however,  that  there  is  any 
distinction  to  be  made  in  the  contents  or  substance  of  the  organisms 
giving  rise  to  the  nodule. 

The  young  nodule  is  at  first  packed  with  rod-shaped  bacti'ria  and  is 
of  a  pale  red  color,  changing  to  greenish  gray  as  the  nodule  matiiros 
and  the  rods  become  transformed  into  the  various  irregular  branched 
forms  so  characteristic  of  these  bacteria.  Finallv,  the  cells  of  the 
roots  are  able  to  secrete  an  enzyme  which  dissolves  the  nodule  organ- 
ism when  in  the  branched  condition,  and  by  this  means  renders  avail- 
able considerable  quantities  of  nitrogen,  which  is  thc^n  difl^used 
through  the  plant.  This  method  of  absorbing  the  contents  of  the 
nodule  is  facilit-ated  by  the  structure  of  the  nodule,  which,  according 
to  Van  Tieghem,"  originates  in    the   pericvcle  of    the  mother  root 
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opposite  or  on  each  side  of  tlie  wood\r  bundles.  Sometimes  the  nod- 
ules possess  from  two  to  four  distinct  central  cylinders,  inserted  one 
above  the  other,  at  points  in  the  woody  bundle  of  the  central  cylinder 
of  the  mother  root.  Because  of  their  origin,  btructure,  and  dis- 
position, there  can  be  little  doubt  about  nodules  being  morpho- 
logically merely  rootlets  that  have  enlarged,  the  first  investigation 
calculated  to  establish  this  fact  being  made  by  Van  Tieghem^  and  later 
reaffirmed  b}'^  Peirce.* 

NODULES  NOT  AliWATS  BENEFIGLA^Ii. 

That  the  bacteria  are  almost  always  able  to  resist  the  action  of  the 
host  plant,  except  when  in  the  branched  condition,  is  undoubtedly 
true,  although  there  are  a  few  exceptions  in  the  case  of  the  pea  and 
one  or  two  other  plants.  If  the  only  source  of  nitrogen  is  by  dissolv- 
ing the  bacteria,  it  will  readily  be  seen  that  should  the  nodules  con- 
tinue to  be  tilled  with  the  unbranched  rods  the  benefit  to  the  plant  will 
be  little  or  nothing,  and  the  presence  of  nodules  upon  the  root^j  may 
even  be  a  detriment.  Too  little  attention  has  been  paid  to  this  point, 
the  almost  universal  opinion  being  that  all  nodules  are  able  to  supply 
nitrogen  to  the  plant,  and  any  failure  in  a  crop  well  supplied  with 
these  growths  must  be  due  to  other  causes.  This  is  not  the  fact,  how- 
ever, there  being  no  question  that  frequently  the  organisms  producing 
nodules  have  lost  the  power  of  going  into  the  branched  condition;  and 
thus,  while  preventing  their  destruction  by  the  plant,  they  defeat  the 
very  object  for  which  they  are  supposed  to  be  so  valuable.  That  this 
condition  is  due  to  the  organism  itself,  and  is  not  the  result  of  lack  of 
vigor  on  the  part  of  the  plant  which  prevents  its  secreting  the  enzyme 
that  will  make  the  bacteria  available,  is  proved  by  the  fact  that  it  is 
possible  to  control  this  situation  by  modifying  the  character  of  the 
bacteria.  Thus,  if  nodule-forming  organisms  be  grown  upon  artificial 
media  for  a  long  time,  where  they  are  almost  invariably  in  the  rod 
condition,  this  form  becomes  so  firmly  established  that  plants  inocu- 
lated with  such  cultures,  although  forming  nodules,  receive  practically 
no  benefit,  the  nodules  remaining  firm  and  hard  and  furnishing  no 
nitrogen  to  the  roots. 

It  is  precisely  the  same  as  trying  to  furnish  a  plant  with  its  supply 
of  calcium  or  potassium  in  an  insoluble  form.  These  essentials  of 
plant  food  may  be  present,  but  so  long  as  they  remain  fixed  and  will 
not  pass  into  solution  they  are  valueless  to  the  plant.  The  nodule 
organism  of  most  legumes,  so  long  as  it  retains  the  rod  form,  is  insolu- 
ble, and  the  ])lant  must  Ix^  supplied  with  bacteria  capable  of  passing 
into  the  branched  sttige  undcn*  the  conditions  existing  in  the  nodule  if 

«  Bui.  dv  la  Soc.  Bot.  de  France,  35:  105.     1S88. 
f>  Proc.  Cal.  Acad.  Sci.,  2,  June,  1902. 
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they  are  tx)  be  of  service.  Thus  it  is  plain  that  the  nitrogen  is  fixed 
not  by  the  plant  but  by  the  bacteria  within  its  roots,  and  this  element 
becomes  available  to  the  plant  onlv  on  account  of  its  ability  to  dissolve 
and  absorb  these  nitrogen-containing  bodies.  Consequently,  there  is 
after  all  no  conflict  with  the  original  dictum  of  Boussingault  that  the 
higher  plants  can  not  use  directly  the  nitrogen  of  the  atmosphere.  It 
is  no  more  proper  to  insist  that  the  legumes  themselves  can  com])ine 
nitrogen  gas  than  it  is  to  claim  this  function  for  wheat  or  potatoes. 
The  ability  to  absorb  bacteria  rich  in  nitrogen  is  the  only  property 
peculiar  to  the  nodule-bearing  plants.  If  nematode  worms  were 
largely  nitrogenous,  and  violets  and  other  plants  infected  by  them 
were  capable  of  destroying  and  absorbing  these  parasites,  it  would  be 
just  as  correct  to  term  the  nematode- infected  plants  "  nitrogen-fixing" 
as  it  is  to  ascribe  any  such  function  to  the  legumes. 

SYICBIOSIS  OK  PABASinSMP 

Granting  the  facts  just  stated,  we  are  at  once  confronted  with  the  old 
idea  of  the  supposed  symbiotic  relation  l)etween  the  bacteria  and  the 
plant.  Painful  as  it  may  be  to  disturb  one  of  Nature's  mutual  benefit 
societies,  there  seems  to  be  no  other  way  than  to  consider  the  nodule- 
forming  bacteria  as  true  parasites  which  penetrate  the  roots  of  the 
plant  for  the  purpose  of  obtaining  the  necessary  carbohydrates  for 
food.  Fortunately  for  the  host  plant,  there  are  certain  conditions 
undef  which  it  can  overcome  the  bacteria  and  eat  them  up,  as  it  were, 
thus  obtaining  a  considerable  amount  of  nitrogenous  food  which  would 
not  otherwise  have  been  available.  That  there  is  anything  ideal  or 
truly  symbiotic  (in  the  sense  that  De  Bary  used  the  term)  about  this 
arrangement  is  diflBcult  to  comprehend.  The  onl}'  cooperation  between 
bacteria  and  host  seems  to  consist  in  the  microbe  having  the  best  of 
the  situation  at  first,  when  it  is  able  to  secrete  substances  injurious  to 
the  cells  of  the  legume,  and  later  the  host  plant  retaliates  by  secreting 
still  other  substances  which  result  in  the  complete  destruction  of  most 
of  the  bacteria.  Ho  long  as  it  was  maintained  that  the  nodule  organ- 
5f«ni  could  only  grow  in  the  root  of  a  legume  or  upon  an  extract  of 
these  plants,  as  was  claimed  by  Hiltner''  and  many  others,  there  might 
have  been  some  slight  foundation  for  the  theory,  but  even  this  basis 
is  now  gone.  While  not  agreeing  with  Peirce*  in  considering  it  difli- 
cult  to  understand  how  the  leguminous  plant  as  a  whole  can  benefit  by 
an  association  wath  Pficudvinond.^  radiclcoUt ^  which  is  injurious  and 
finallv  destructive  to  the  cells  in  which  the  Inicteria  occur,  his  conclu- 
«ion  regarding  the  jmrasitic  nature  of  these  bacteria  is  undoubtedly 
correct. 


'^Selnkoe  Khozyalstvo  I  Lyewvodstvo,  St.  Petersburg?,  1SJ)9,  pi).  425-462. 
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INFECTION  AND  FIXATION  OF  NITKOGEN  WITHOTIT  NODTTLES. 

The  wide  distribution  by  the  Department  of  Agriculture  of  cultures 
for  the  purpose  of  experimenting  with  the  artificial  inoculation  of  the 
soil  has  led  to  some  very  interesting  results,  some  of  which  may  hare 
a  considerable  bearing  upon  the  final  perfection  and  success  of  tlie 
method  now  in  use.  One  of  the  most  striking  effects  reported  bj^  some 
careful  observers  was  the  apparent  beneficial  action  of  the  culture 
without  the  formation  of  nodules.  In  one  instance  at  a  State  experi- 
ment station  three  plots  of  soy  beans  were  planted,  one  inoculated 
with  a  Department  of  Agriculture  artificial  culture,  another  treated 
with  soil  from  a  field  which  grew  nodule-covered  soy  beans  in  abun- 
dance, and  lastly  an  uninoculated  plot  for  the  purpose  of  checking  the 
other  two.  The  soil  for  the  three  experiments  was  as  nearly  alike  as 
possible,  and  the  treatment,  except  as  to  inoculation,  was  precisely  the 
same.  As  the  season  advanced  it  was  noted  that  the  check  plot  devel- 
oped no  nodules  and  rapidly  failed;  the  plot  inoculated  by  the  transfer 
of  soil  produced  nodules  and  made  a  fair  average  growth,  but  the  plot 
treated  with  the  artificial  culture  far  exceeded  it  in  every  way.  This 
was  not  so  surprising  until  an  inspection  of  the  roots  showed  the  entire 
absence  of  nodules.  No  explanation  could  be  offered  at  the  time,  but 
later,  when  practically  the  same  conditions  were  noted  in  some  experi- 
ments with  berseem  in  the  West,  plants  were  secured  which  threw 
some  light  upon  the  situation.  As  the  result  of  a  careful  microscopical 
examination  of  the  roots,  it  was  found  that  although  no  nodules  were 
evident — in  fact,  did  not  exist^ — the  cells  within  the  smaller  roots  were 
packed  with  the  characteristic  branching  forms  of  Pseicdcnnonas  radic!- 
cola^  and  that  undoubtedly  the  plant  was  able  to  obtain  considerable 
benefit  from  the  presence  of  these  organisms. 

The  same  condition  has  been  found  in  alfalfa,  and  it  is  presumed 
that  it  was  this  internal  infection  which  was  encountered  several  vears 
ago  in  white  lupine,  although  not  recognized  at  the  time.  Plate  V 
illustrates  most  strikingly  the  difference  which  may  occur  in  plants 
producing  normal  nodules  and  those  inoculated  but  showing  no  exter- 
nal evidence  of  infection.  The  small  bunch  of  alfalfa  plants  was 
grown  upon  rich  creek  bottom  land  which  had  been  overflowed  and 
inoculated  by  the  carrying  in  of  bacteria  from  a  melilotus  field. 
These  plants  were  abundantly  supplied  with  nodules.  The  larger 
plants  were  grown  upon  the  same  fai'm,  but  upon  sandy  upland  where 
no  legumes  had  boon  previously  planted.  Consequently,  the  seeds 
were  iiioculatinl  with  a  culture  supplied  by  the  Department  and  with 
most,  satisfactorv  rcvsults.  There  was,  however,  no  evidence  of  nod- 
ules.  and  not  until  after  a  microscopical  examination  of  the  rooti*  was 
it  known  that  they  were  thoroughly  infected  with  nitrogen-timng 
bacteria. 
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Since  the  production  of  this  poouliar  result  under  control  conditions 
has  not  as  yet  been  jwssible,  it  is  difficult  to  conjecture  just  what  cir- 
cumstances would  produce  such  an  effect.  It  was  undouhtcHlly  of 
adv^antage  to  the  plant«s  in  all  of  the  known  cases  and  may  l)e  a  much 
more  universal  phenomenon  than  is  supposed.  Of  course,  wherever 
nodules  are  produced^ibundantly  there  will  })e  little  opportunity-  for 
detecting  internal  infection.  The  absence  of  noduies  in  poor  soil 
upon  a  crop  that  was  failing  would  seem  to  indicate  that  no  nitrogen 
was  being  fixed  and  that  no  bacteria  w^ere  present.  Where  legumes  have 
been  successful  without  nodules  it  has  generally  been  supposed  that 
the  soil  was  rich  enough  in  nitrogen  to  support  the  plant  and  that  the 
requisite  bacteria  either  had  never  found  their  way  into  the  soil  or 
because  of  the  excess  of  nitrogen  liad  been  prevented  from  developing. 
Cases  of  this  character  must  be  more  fully  investigated  before  it  is 
known  how  frequently  inoculation  without  no<lules  may  occur.  That 
it  is  not  an  impossibility  is  sufficiently  evident  to  warrant  further  study. 

INOCT7LATION  BT  PT7B£  CXJI^TTJBE. 

As  has  alreadv  been  shown,  in  order  to  secure  artiticiallv  a  satisfac- 
tor}'  inoculation  of  any  leguminous  crop  it  is  necessary  that  the  greatest 
precaution  be  taken  in  procuring  the  original  culture.  The  method  of 
growing  the  organism  upon  some  medium  relatively  free  from  nitro- 
gen is  important  in  order  that  its  virulence  may  not  i)e  lost,  and  from 
the  time  the  bacteria  are  plated  out  from  the  nodule  imtil  they  are 
introduced  into  the  soil,  every  effort  nmst  be  made  to  preserve  and 
increase  as  far  as  possible  the  nitrogen-fixing  and  root-penetnitive 
power  of  these  organisms.  Even  though  the  efticiency  of  the  culture 
be  at  its  highest  point,  the  mere  fact  of  its  having  to  grow  for  a  con- 
siderable time  under  aitificial  conditions  is  apt  to  weaken  it;  conse- 
quently, the  means  of  preserving  and  distributing  the  bacteria  after 
they  are  propagated  are  fully  as  important  as  the  method  of  obtaining 
them  in  sufficient  quantity  for  such  distribution.  This  is  another 
reason  why  the  nodule-forming  bacteria  sent  out  upon  rich  nutrient 
media  failed  to  maintain  their  original  strength,  and  if  it  had  not  l>een 
possible  to  devise  some  more  satisfactory  way  of  delivering  these 
organisms  to  the  farmer,  it  is  probable  that  but  little  success  could  ever 
have  been  attained  by  the  pure-culture  method.  Fortunately,  how- 
ever, although  Pseudoinonas  radiclcohi  does  not  produce  spores,  the 
large  rods  will  withstand  desiccation  for  a  y'ear  or  more,  and  there- 
fore, because  they  ma}^  be  sent  dry  any  distance  and  upon  being, 
revived  be  in  the  same  condition  of  efficiencv  with  which  they  started, 
the  problem  becomes  a  very  simple  one. 

The  method  which  has  been  employed  in  the  Department  of  Agri- 
culture for  the  past  year  has  been  to  saturate  absorbent  cotton  in  a 
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liquid  culture  of  the  nodule-forming  organism.  In  this  way  million? 
of  the  bacteria  are  held  within  the  cotton,  and  after  this  is  carefully 
dried  out  they  remain  doi*mant  in  nmch  the  wa3'  that  se<»ds  do,  waiting 
for  the  proper  conditions'  to  revive  thenu  Where  it  is  poHsihle  to 
obtain  sterile  utensils  and  to  prevent  absolutely  the  entrance  of  micro- 
organisms it  is  sufficient  to  insert  the  inoculated  cotton  into  sterilized 
water,  when  in  the  course  of  time  the  bacteria  will  have  multiplied  suffi- 
ciently to  produce  a  decided  clouding  of  the  culture  and  will  be  ready  to 
introduce  into  the  ground.  This  would  require  too  long,  however,  and 
it  is  also  difficult,  when  preparing  to  treat  large  quantities  of  seed,  to 
prevent  the  entrance  of  other  bacteria,  molds,  yeasts,  etc.,  all  of  which 
may  have  a  deleterious  effect  upon  the  growth  of  the  nodule-producing 
organism.  For  this  reason  it  has  seemed  best  to  prepare  the  water  in 
such  a  way  as  will  facilitate  the  growth  of  the  desired  bacteria  and  yet 
delay  or  prevent  the  development  of  the  forms  which  might  be  intro- 
duced from  the  outside.  Consequently,  two  packages  of  nutrient  salts 
have  been  distributed  with  the  cotton  culture,  one  containing  sugar, 
magnesium  sulphate,  and  potassium  phosphate,  and  the  other  ammon- 
ium phosphate.  (See  PI.  I.)  By  the  addition  of  the  first  thi*ee  ingredi- 
ents to  the  water  containing  the  cotton  saturated  with  bacteria  a  solution 
is  formed  which  is  not  well  adapted  for  the  growth  of  the  organisms 
usually  carried  about  in  the  air,  but  is  well  suited  for  the  multiplication 
of  the  nodule-forming  bacteria.  The  addition  of  the  ammonium  phos- 
phate at  the  end  of  twenty-four  hours  tends  to  increase  still  further 
the  growth  of  these  bacteria,  which  are  already  well  started  if  the 
temperature  hjus  not  been  too  low  or  too  high. 

METHODS  OF  USING  liiatHD  GULTXmE. 

After  the  water  containing  the  nutrient  salts  and  bacteria-laden 
cotton  has  been  allowed  to  stand  until  it  becomes  milkv  with  the 
nodule-forming  organisms,  it  is  necessary  to  introduce  this  culture 
into  the  ground.  This  ma\'  be  accomplished  in  two  waj's,  either  by 
moistening  the  seeds  with  the  fluid,  the  bacteria  adhering  to  their  sur- 
faces and  consequently  being  in  close  proximity  at  the  time  of  germi- 
nation, or  by  mixing  earth  or  sand  with  the  culture  and  spreading 
over  the  field  as  one  would  applj^  fertilizer.  Greenhouse  and  small- 
plot  experiments  indicated  no  particular  advantage  of  one  method  over 
the  other,  and  the  hundreds  of  reports  received  from  all  over  the 
country  show  that  either  means  of  introducing  the  organisms  will  pro- 
duce satisfactory  results  if  the  directions  are  properly  followed.  The 
sheet  of  directions  which  has  accompanied  each  package  of  inoculating 
material  as  distributed  by  the  Department  of  Agriculture  reads  as 
follows: 
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DIRFMTIOXH    FOR    VHISG    INOCrLATINC}  tMATERI AI.. 

( Mfth<xi  iMtnUcd  in  or'Ifr  to  tjuaranirr  thr  priritfjt  of  vtir.  by  t/ir  jmhlir.     /y  ///  n<  I'att  nt  \o.  l.Vu^lU  tjrnntnl 

Mnrrh  *>,  lifO'^.) 

Put  1  pillon  of  dean  wat<?r  (preferably  rain  waU'r)  in  a  dean  tub  or  bucket  ami 
add  No.  1  of  the  indosed  paeka<>:e  of  Hiilt^.     Stir  oeeasionally  until  all  is  dinsolveil. 

Carefully  oi)en  package  No.  2  and  drop  the  indo>*(»d  cotton  into  the  solution. 
Cover  the  tub  with  a  paj>er  to  protect  from  dust,  and  set  aside  in  a  wann  place  for 
twenty-four  hours.  Do  not  heat  the  solution  or  you  will  kill  tlie  bacteria — it  should 
never  be  warmer  than  blood  heat. 

Aftt*r  twenty-four  hours  add  the  contents  of  package  No.  3.  Within  twenty  hours 
more  the  solution  will  have  a  cloudy  apj)earance  and  is  ready  for  a«e. 

To  inf>ciiUile  f^eed. — Take  just  enough  of  the  solution  to  thoroughly  moisten  the  seed. 
Stir  thoroughly  so  that  all  the  see<ls  are  touched  by  the  solution.  Spread  out  tlie 
8ee<ls  ill  a  shady  place  until  they  are  perfectly  dry,  and  plant  just  aM  you  would 
nntreate<l  seed.  If  bad  weather  should  prevent  planting  at  once,  the  inoculated 
seeti,  if  thoroughly  dried,  maybe  kept  without  deterioration  for  several  weeks.  The 
dry  cultures  as  sent  from  the  laboratory  will  keep  for  several  months.  Do  not  pre- 
pare the  liquid  culture  more  than  two  or  three  days  previous  to  the  time  when  the 
peetis  are  to  In*  treated,  as  the  solution  once  made  up  must  usually  be  used  at  tlie 
en<l  of  forty-eight  hours. 

To  inoculaU'  ftoil. — Take  enough  dry  earth  so  that  the  solution  will  merely  moisten 
it.  'Mix  thoroughly,  so  that  all  the  particles  of  soil  are  moistened.  Thoroughly  mix 
this  earth  with  four  or  five  times  as  much,  say  half  a  wagonload.  Spread  this  inoc- 
ulated soil  thinly  and  evenly  over  the  prepared  ground  exactly  as  if  spreading  fer- 
tilizer.    The  inoculated  soil  should  Ixj  harrowed  in  immediately. 

Either  of  the  above  methods  may  be  used,  as  may  be  most  convenient. 

TIME  OF  INOCTTLATION. 

The  results  of  numerous  laboratory  experiments  have  seemed  to  dem- 
onstrate that  it  is  impossible  for  the  nodule-forming  bacteria  to  pene- 
trate the  roots  of  legumes  after  they  hav  e  attained  an  age  of  from  two 
to  four  weeks.  Maria  Dawson^*  found  that  plants  having  roots  from 
H  inches  to  2  inches  long  produced  no  nodules,  while  those  with  roots 
only  about  one-half  inch  in  length  were  thoroughly  inoculated  with 
the  same  culture.  For  this  reason  it  has  been  considered  that  it  was 
Useless  to  attempt  to  add  the  nitrogen-fixing  bacteria  to  a  growing 
crop,  and  the  directions  were  adapted  to  be  used  at  the  time  of  seeding 
only.  Practical  experience  in  the  field,  however,  has  given  some 
results  which  would  seem  to  indicate  that  under  some  circimistances 
the  use  of  inoculating  material  upon  a  standing  crop  of  any  age  will 
be  of  benefit. 

F.  G.  Short,  of  Fort  Atkinson,  Wis.,  writes: 

In  July  the  Department  sent  me  a  sample  of  alfalfa  bacteria,  with  directions  for 
application.  This  was  used  on  a  field  of  alfalfa  which  had  btvn  newly  seedeil  this 
spring  and  up  to  that  time  had  shown  a  very  small  growth  of  yellow,  rather  stunte<l 
plants.  I  U8e<i  the  bacteria  acconlinj;  to  directions  and  can  see  there  is  quite  a 
decided  change  for  the  better. 

oPhil.  Trans.  Roy.  Soc,  London,  1899,  p.  21. 
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John  C.  Lloyd,  of  Utica,  Nebr.,  used,  a  culture  upon  5  acres  of 
alfalfa  sown  three  years  ago.  The  result  was  "  ranker  gi-owth  than 
iHiforc  treatment  and  much  heavier  crop  of  hay.  Cut  three  time«5  and 
could  have  cut  four,  but  pastured  the  last  crop." 

In  Hoard's  Dairyman  for  November  11, 1904,  an  account  is  given  of 
the  treatment  of  old  alfalfa  fields  with  liquid  culture  applied  by  means 
of  a  street  sprinkler.  An  experimental  trial  of  this  method  was  made 
by  one  of  the  editors  of  the  paper  with  "very  evident  success." 

From  Levy,  Mo.,  Thomas  O.  Hudson  writes  regarding  a  field  of 
alfalfa  planted  in  1901  and  treated  with  inoculating  material  in  March, 
1904: 

Results  good.  It  was  slickly  and  yellow  and  spindling,  and  did  not  do  any  good 
until  this  year.  This  year  it  was  dark  gretm  and  thrifty.  I  think  it  will  be  better 
next  year. 

Another  report  upon  an  alfalfa  field  to  which  bacteria  were  added 
during  the  fourth  year  was  recently  sent  by  U.  J.  Hess,  North  Yakima, 
Wash. : 

The  crop,  which  had  been  short,  pale,  and  spindling,  took  on  a  darker  color  and  a 
rank  growth  and  yielded,  I  think,  alx)ut  three  times  as  much  as  formerly. 

The  same  results  have  been  noted  for  clover,  H.  W.  Dunlap,  Hol- 
land Patent,  N.  Y.,  reporting  that  having  more  of  the  liquid  culture 
than  could  be  used  for  some  seed  he  was  inoculating,  he  mixed  it  with 
a  light  loam  and  spread  it  upon  a  part  of  a  field  already  in  clover. 
The  difference  in  color  and  size  of  the  plants  later  on  indicated  where 
the  soil  had  been  distributed. 

Mrs.  J.  A.  Wells,  of  Bryn  Athyn,  Pa.,  tried  watering  pea  vines  a 
month  old,  with  undoubted  success,  and  the  results  of  a  similar  treat- 
ment by  John  K.  Spears,  of  Northwood,  N.  Y.,  are  shown  on  Plate  X. 
Mr.  Spears  treated  his  peas  with  the  culture  solution  with  the  excep- 
tion of  one  row,  after  they  were  two  or  three  inches  high,  and  the 
decided  benefit  is  indicated  by  his  report  printed  elsewhere  in  this 
bulletin. 

In  the  light  of  these  and  similar  experiments,  there  can  be  no 
doubt  that  bacteria  of  a  high  state  of  virulence  are  capable  of  produc- 
ing inoculation  at  practically  anj^  time  during  the  lif^  of  the  legume 
if  the  conditions  in  the  soil  are  favorable.  It  is  probable  that  similar 
results  have  not  been  previously  noted  because  bacteria  of  such  high 
efficienc}'^  have  not  been  used.  While  it  can  not  be  stated  that  as  sat- 
isfactory an  inoculation  will  be  obtained  in  this  way  as  by  treating  at 
the  time  of  planting,  it  certainly  seems  that  under  most  circumstances 
where  a  crop  is  failing  for  the  lack  of  nitrogen-fixing  bacteria  it  is 
worth  while  making  an  efl'ort  to  introduce  them,  even  though  the 
plants  be  several  j^ears  old. 
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WHEN   INOCTJLATION  IS  TJNNECESSAB7. 

Since  the  only  purpose  of  the  bacteria  added  to  the  soil  is  t/O  furnish 
nitrogen  to  the  plants  in  an  available  form,  usually  within  root  nodules, 
it  is  evident  that  where  the  organisms  are  already  abundant  and  the 
crop  is  thriving,  but  little  benefit  can  be  expected  from  an  adc^itional 
inoculation.  Of  course,  the  nodules  may  be  of  the  parasitic  kind,  fur- 
nishing little  or  no  nitrogen,  or  they  may  be  insuflBcient  in  quantity,  in 
which  case  the  addition  of  a  fresh  lot  of  bacteria  may  produce  bene- 
ficial results.  A  considerable  number  of  reports  have  been  received, 
indicating  that  even  with  such  universally  distributed  organisms  as 
those  occurring  on  cowpeas  and  red  clover,  the  artificial  inoculation  of 
an  old  field  produced  a  noticeable  increase,  and  there  is  every  reason 
to  believe  that  where  the  land  contains  bacteria  of  a  less  degree  of 
virulence  than  those  sent  out  in  the  Department  cultures,  an  inocula- 
tion is  worth  while.  On  the  other  hand,  it  should  be  remembered  that 
many  fields  are  thoroughly  supplied  with  bacteria  of  the  highest 
efficiency,  and  no  additional  supply,  however  abundant,  will  increase 
the  yield. 

Inoculation  would  also  be  of  little,  if  any,  benefit  to  a  rich  soil  con- 
taining a  large  amount  of  available  nitrogen.  As  has  been  shown, 
the  nitrogen- fixing  bacteria  will  not  grow  well  under  such  conditions, 
and  being  in  an  enfeebled  stage  the  plants  are  able  to  withstand  their 
action.  Furthermore,  the  earth  already  being  supplied  with  a  suf- 
ficient amount  of  nitrogen,  the  plants  wnll  draw  upon  this  direct  source 
and  produce  as  abundantly  as  if  provided  with  nodules.  This  condi- 
tion, however,  is  verj'  undesirable  for  leguminous  crops,  and  they 
should  not  be  grown  upon  such  a  piece  of  land  unless  poorer  soil  C4in 
not  be  obtained,  or  unless  a  legume  is  the  most  profitable  crop  for 
that  region.  The  use  of  artificial  cultures  is  preeminently  designed 
for  poor  soil  which  it  is  desirable  to  bring  into  condition  for  produc- 
ing some  root  or  grain  crop  demanding  large  amounts  of  nitrogen. 

WHEN  INOCUIiATION  IS  NECESSART. 

All  legumes  grown  either  for  the  puiposc  of  enriching  the  soil  or 
for  the  crop  must,  in  order  to  be  of  the  greatest  benefit  to  the  land 
and  the  plants,  be  provided  with  the  nitrogen-fixing  bacteria.  It  is 
l>elieved  that  the  artificial  culture  is  the  method  most  efficient,  cheap- 
est, and  freest  from  objectionable  qualities.  For  those  reasons  inocni- 
lation  should  always  l)e  practiced  under  the  following  conditions: 

(1)  On  poor  land  which  has  not  previously  grown  legumes. 

(2)  On  land  which,  although  planted  to  legumes,  has  not  produced 
^  crop,  and  the  roots  of  which  legumes,  upon  examination,  fail  to  show 
the  presence  of  nodules. 
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It  is  probable  that  good  results  will  follow  the  artificial  introduction 
of  bacteria  if  - 

(1)  The  legumes  to  be  planted  belong  to  another  group  than  thos*- 
already  cultivated  upon  the  land. 

(2)  The  same  crop  is  to  be  planted  upon  land  which  previousl\^  pro- 
duced a  yellow  and  sickly  lot  of  legumes  possessing  nodules  which, 
instead  of  being  a  benefit,  acted  as  parasites. 

If  the  conditions  favor  the  trial,  good  results  7nay  be  obtained  f i-oni 
the  use  of  pure  cultures  when — 

(1)  The  crop  has  already  been  planted  and  giv^es  evidence  of  failure 
due  to  the  absence  of  bacteria  in  the  soil. 

(2)  A  field  which  has  previously  grown  good  crops  of  legumes 
begins  to  give  even  a  slight  evidence  that,  all  other  conditions  being 
the  same,  it  is  not  producing  the  highest  yield.  This  situation  is  the 
hardest  to  detect,  because  it  depends  upon  a  gradual  loss  of  virulence 
of  the  bacteria  already  in  the  soil,  and  the  only  way  of  being  certain 
of  this  condition  is  to  try  inoculation  and  note  results. 

WHEN  TO  EXPECT  FATLUBE  WITH  INOCTJIiATION. 

Failure  with  inoculation  may  be  expected — 

(1)  When  the  directions  for  preparing  the  culture  media  are  not 
carefully  followed. 

While  the  method  is  so  simple  that  anyone  observing  ordinary  care 
can  have  no  difficulty  in  securing  the  proper  growth,  it  is  absolutely 
essential  that  the  few  necessary  instructions  be  observed.  The  fact 
that  thousands  of  farmers  throughout  this  country  with  nothing  but 
the  printed  directions  have  been  able  to  obtain  such  satisfactory 
results  is  proof  that  no  special  knowledge  of  bacteriology  is  necessary 
in  preparing  and  applying  the  culture  fluid.  Placing  the  solution 
upon  ice  before  it  has  had  time  to  develop  the  bacteria,  planting  the 
unopened  packages  in  a  hole  in  the  ground,  pouring  the  liquid  culture 
into  small  depressions  at  intervals  of  a  rod  or  more,  and  similar  pro- 
cedures contrary  to  the  directions  will  not  have  the  efl^ect  desired. 
Unfortunately^,  the  distribution  of  bacteria  for  the  purpose  of  increas- 
ing the  nitrogen  supply  can  not  be  as  definite  and  complete  as  if  a 
finished  product  were  sent  out.  The  culture  does  not  itself  contain 
the  nitrogen,  but  simply  the  organisms  which  potentially  possess  the 
power  of  fixing  nitrogen,  and  which,  if  properly  handled,  will  increase 
in  such  numbers  as  to  be  of  material  benefit  to  the  plants  with  which 
they  become  associated. 

Plate  VI  will  illustrate  the  difference  in  results  obtained  from  dis- 
regarding directions  and  from  properly  following  them.  Figure  1 
represents  the  best  of  a  very  few  plants  remaining  upon  a  field  planted 
and  inoculated  more  than  a  year  and  a  half  ago.  The  result  was  a 
failure,  but  because  some  question  was  raised  as  to  whether  proper 
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care  had  been  observed  in  preparing  the  culture  another  package  of 
cotton  saturated  with  bac.teria  from  precisely  the  sjune  lot  jus  the  first 
was  sent,  with  instructions  to  use  especial  care  in  making  and  apply- 
ing the  solution.  The  result  of  the  second  trial  is  shown  in  figure  2, 
the  plants  being  about  two  months  old. 

(2)  When  the  ground  is  already  thoroughly  inoculated. 

(3)  When  the  soil  is  so  rich  in  nitrogen  as  to  prevent  the  growth  of 
nodule-forming  bacteria. 

(4)  When  the  soil  is  too  acid  or  too  alkaline  to  permit  the  develop- 
ment of  either  plants  or  bacteria. 

(5)  When  the  soil  is  deficient  in  other  necessary  plant  foods,  such 
as  potash,  phosphorus,  etc.,  as  well  as  nitrogen. 

It  should  also  be  borne  in  mind  that  no  amount  of  inoculation  will 
overcome  poor  results  due  to  bad  seed,  improper  preparation  and 
cultivation  of  the  land,  and  decidedly  adverse  climatic  conditions. 


RESULTS. 

All  of  the  foregoing  discussion  regarding  the  benefits  to  be  derived 
from  inoculation  and  the  methods  devised  for  propagating  and  distrib- 
uting the  nitrogen-fixing  bac^teria  amounts'  to  nothing  unless  it  can  be 
shown  that  these  cultures  really  accomplish,  under  the  general  con- 
ditions to  be  found  upon  any  farm,  a  decided  increase  in  a  crop  over 
one  grown  without  inoculation.  In  order  that  the  bacteria  might  have 
the  most  thorough  practical  test  possible,  the  Department  of  Agricul- 
ture has  for  the  last  year  conducted  one  of  the  largest  experiments  of 
its  nature  ever  undertaken  in  any  country.  By  the  free  and  unlimited 
distribution  of  cultures  to  practically  everyone  who  was  sufliciently 
interested  to  request  a  package,  it  has  been  possible  to  secure  about 
12,600  tests,  under  the  most  varied  conditions,  in  almost  every  State 
of  the  Union.  The  following  list  indicates  the  number  of  packages 
distributed  up  to  November  1,  1904. 

Table  I. — Number  of  packages  of  inoculating  material  {or  inoculated  seed)  distributed 
from  November^  1902,  to  November,  1904;  arranged  by  StateSy  Territories,  and  foreign 
countries. 


• 

OS 

242 

Clo> 

i 

17 

1 

er. 

1 

Pea. 

Bean. 

«      Vetch. 

8    1 

•J. 

1 

c 

79 

State  or  Territor}'. 

§ 
i 

• 

1 

• 

■— < 

1 
7 

• 

o 

CO 

> 

> 

3 

o 
H 

Alabama 

AIhiiVr 

80 

10 

1 

45 

1 

10  {    8 

608 
2 

Arizona 

11 
(M 
171 
20 
80 
10 
28 
40 
89 

L.     __. 

2 

2 

30 
1 
1 
2 
6 
17 
45 

1 

10 

23 

2 

4 

8 

4 

15 

82 

14 

A^rkanma 

15 

21 

3 

9 

2 

12 

1? 

1 
4 

•"io* 

6 

4 

26 

9 

61 

8 

8 

2 

6 

22 

16 

28 

15 

3 

1 

3 

2 

28 

45 

1 

120 

1 

...... 

5 

..... 

41 
9 
6 
1 
5 

28 
5 

...  ^. 

137 

California 

3 

1 

490 

Colorado 

47 

Connecticut 

4 

•  •  •  ■ 

63 

Delaware 

83 

District  of  Columbia 

Florida 

'""i* 

2 

91 

71 
184 

Oeonria 

4  -    3 

287 
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Table  I. — Number  of  parkageii  of  inomlcUing  material  (or  inacvlaied  ^^d)  ditiribuffd 
from  Novmiber^  1902^  to  Novtmher^  1904^  etc. — Continued. 


3 

< 

Clov 

1 

17 
101 
103 

4 

•    41 

82 

55 

8 
21 
28 
73 
95 
38 

8 

63 
10 
19 

er. 
i 

...... 

3 

5 

■'■2' 

1 
....„ 

3 
8 
2 
4 
6 

• 

g 

a 

J 

1 
4 

17 
6 
1 
7 
7 

13 
6 
9 
8 

71 

20 
6 
2 

10 
1 
2 

Pea. 

i 

8 

• 

•0 

Bean. 

• 

xi 
B 

> 

3 

i 
1 

SUte  or  Territory. 

1 

1 

• 

• 

^^ 
0 

> 

2 
.... 

1 

5 

Hawaii 

4 

16 

147 

239 

10 

91 

122 

tie 

50 
12 
91 
71 
95 
34 
M7 
211 
34 
96 
3 
11 
68 
IS 

28r> 

200 

2.'S 

273 

72 

126 

128 

1 

3 

6 

70 

2K 

IS.'-) 

276 

1 

23 

Ml 

100 

34 

51 

11 

2 

1 
6 
2 
3 
2 

2 
""39* 

31 

""2" 
8 
2 

11 

11 

11 
6 

48 

28 

6 

1 

8 

2 
1 

S3 
16 

IS 

Idaho 

4 

t 

S 

48 
96 

M 

Illinois 

411 

Indiana 

447 

Indian  Territory 

16 

Iowa 

6 
13 
22 
14 

2 
1 

1 

9 
10 
9 
...... 

7 
11 
10 

1 

1 

IS 

■  B     ■     • 

w  »  V  « 

.... 

«  •  «  • 

1 

■  *  «  * 

2 

■  •  •  • 

4 
2 
8 
3 
2 

i 
1 

32 
11 
81 
25 
5 

9 

10 

26 

5 

19 

29 

4 

6 

1 

8 

3 

201 

KanaaH 

20V 

Kentucky 

21  ^ 

Louisiana 

104 

Maine 

61 

Maryland 

13 
6 
9 

1 
4 
5 

174 

MtuwaohiisottN 

306 

MichiRan 

302 

Minnesota 

96 

MisHissippi 

5 
20 

4' 

1 
2 
7 

...... 

143 

Missouri 

Montana 

3S7 
60 

Nobraslca 

8 

8 

.  •  •  • 

4 

137 

Nevada  

h 

New  Hampshire 

New  Jersey 

22 

32 

2 

174 
54 
16 

157 

2 

99 

108 

""\2 

"19' 
64 

**9" 

2 

3 

15 

13 
9 
2 

73 

8 

4 

20 

1 

23 

63 

...... 

8 
14 

2 
77 

6 

4 
24 

2 
16 
46 

2 
2 

m   m   •   m 
•   •  •  a 

2 
5 

0 

156 

New  Mexico 

24 

New  York 

25 

48 

"""23" 
12 
2 

14 

18 
8 
2 
2 

"e 

8 

80  '    1 

21 

67 
1 

10 
1 

61 

13 

31 

38 

4 

55 

4 
7 

7M 

North  Carolina 

North  Dakota 

11 

•  ■  ■  «  •  • 

25 
4 
8 

17 

5 

•  •      ■      B 

2 

•  ■  •  • 

SOS 
56 

Ohio 

Oklahoma 

6U0 
100 

Oreifon 

345 

Pennsylvania 

407 

Philippine  Islands 

Porto  Rico 

1 

2 

5 

15 

8 

55 
10 

"3' 
48 
...... 

8 

2 
3 

8 

5 

17 

13 

2 

6 

26 

27 

5 

13 

1 

1 

3 

8 
4 
5 
3 

10 
7 
2 
8 
7 

24 
3 

10 
1 

1 
3 

2 
1 

...... 

35 

I 

3 

2 

*"3i' 

2 

29 
77 

18 

Rhode  Island 

26 

South  ('arolina 

28 

1 

26 

28 

...... 

1 
6 

1 '  : 

2U 

South  Dakota 

2 
5 
2 

1 
2 
2 

52 

Tennessee 

346 

Texas 

427 

Utah 

5 

Vermont 

21 

184 
81 
19 
45 

1 

08 
1 
2 
3 

1 

114 

8 

13 

8 

...... 

4 

...... 

2 

48 
3 
6 

11 

2 

86 

3 

3 

7 

M 

Virxinia 

5 

•  «  *  * 

•  «  •  » 

1 

66 

22 

2 

7 

1,137 

WashlnfiTton 

274 

West  Vinnnia 

87 

Wisconsin 

160 

Wyominsf 

16 

FOREIGN  COUNTRIES. 

Australia 

1 

•    2 

•  •  »  • 

1 

7 

British  Guiana 

1 

Canada 

6 

2 

i' 

5 

1 

1 

1 
1 
2 

•  «  •  « 

1 
2 

1 

18 

C<wta  Rica 

5 

Cuba 

;    2 

1 
3 

1 
2 

1 
1 

17 

England 

1 
3 

1 

10 

France 

'    3 

1    2 

6 

India 

2" 

? 

378 

3 

8 

.H 

13 

Mexico 

• 

I 

I 
8 

4 

South  Africa 

1 
146 

1 
79 

90 

1 

870 

8 

1 
122 

2    .... 

54     18 

1 
24 

8 

Unclassified 

1,287 

Total 

:».  129 

2,079 

5-23 

1 

,    778 

'  1,094 

1 

216 

676 

391     86 

647 

871 

12,490 

BEPOBTS. 

While  it  has  been  impossible  to  receive  reports  from  all  experi- 
menters, the  percentiige  of  n^plios  has  been  unusually  large  and  is 
quite  sufficient  to  enable  the  formation  of  a  fair  opinion  as  to  the  value 
of  the  cultures  distribut^nl.  In  calling  for  a  report  it  was,  of  course, 
understood  that  in  some  cases  where  the  culture  was  used  the  result- 
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in^  cix)p  could  not  be  a  success,  and  the  users  were  asked  to  indicate, 
as  far  as  possible,  when  the  failure  was  evidently  due  to  some  fault  of 
seed  or  weather.  Likewise,  if  the  soil  was  shown  to  have  been  stocked 
previously  with  the  proper  bacteria  and  good  crops  were  produced, 
the  use  of  inoculating  material  was  not  expected  to  be  of  benefit,  and 
no  difference  would  be  detected  l)etween  treated  and  untreated  land. 
It  is  obviously  difficult,  however,  to  get  all  experimenters  to  make  a 
note  of  these  conditions,  a  report  upon  the  general  result  being  about 
all  that  can  be  expected  in  most  cases.  For  this  reason  the  sum- 
mary of  the  reports  is  not  as  favomble  for  inoculation  as  it  probably 
would  be  if  all  of  the  experiments  could  have  been  followed  in  the  same 
way  as  is  possible  when  such  investigations  are  conducted  upon  a  small 
scale.  It  should  also  be  remembered  that  no  selection  of  the  region 
in  which  tests  were  to  be  made  was  possible.  Experiments  with  inoc- 
ulated seed  of  crops  manifestly  unadapted  for  the  locality  in  which 
they  were  sown  which  were  reported  as  a  failure  of  the  inoculating 
material  have  been  recorded  as  such.  In  spite  of  counting  unfavor- 
able reports  of  this  kind,  which  by  no  fair  adjustment  should  be 
included,  but  which,  on  account  of  the  impossibility  of  being  certain 
of  the  conditions,  could  not  be  thrown  out,  the  average  percentage  of 
failures 'is  less  than  is  generally  expected  from  the  indiscriminate 
planting  of  seed  known  to  be  good. 

The  tabulated  reports  so  far  as  received  up  to  November  15,  1904, 
for  all  of  the  principal  crops  are  as  follows: 

Table  II. — Reports  of  erperimeiits  with  prinrijKil  crops. 


Total 
reporU*. 


Inocula- 
tion result- 
ing in 
definite 
increase  of 
crop. 


Alfalfa I    l,ai3 

Red  clover 

Garden  pea 

Common  bean 

Cowpea 

Soy  bean 

Hairy  vetch 

Crimson  clover 

Field  pea 

Velvet  bean 

Abrike  

Sweet  pea 

Beneem 


184 

171 

'290 

]2<» 

53 

49 

•22 

10 

7 

7 

2  I 


522 

302 

102 

RT) 

14« 

54 

2« 

27 

14 

5 

3 


Total 2,502 


1,29<> 


Failures 

definitely  i 

iiscribed  to  | 

bad  season, 

poor  Heed,  | 

weed      j 

growth,  etc.  I 


Noincretujc  No  evident 
in  crop:      advanttige 


organ  isiHH 
already 

present  in 
the  i*oil. 


2S7 
116 
32 
39 
42 
22 
13 
15 


4  : 

3  i 

1  I 


59 

HI 

32 

2i 

(VS 

11 

3 

4 

4 

1 

2 

9 


from  inotr 
ulatioii:    .' 

nodules  not' 
formed.    , 


175 
30 
18 
27 
32 
«12 
9 
3 


Percent- 
age of 
failure,  o 


25 
9 
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"In  computing  the  i>orcenta^e <»f  "failures,"  the  number  «f  oi'^eH  where  there  resulted  nr»  evident 
■dvantage  from  intx'ulation  (hfth  fM>lumn)  has  been  compared  witli  the  nuinlK^  which  were  iK)si- 
tive  succeHscN  (.si*cond  column),  no  allowances  being  made  fur  ejcperimejit«  carried  on  under  condi- 
tions precluding  any  chance  of  succcsh. 

The  following  reports  have  })eon  selected  with  a  view  to  showing 
the  results  obtained  by  using  the  cultures  sent  out  by  the  Department 
of  Agriculture  upon  various  crops  in  practically  all  of  the  States  where 
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they  can  be  grown.  It  is  believed  thai  a  careful  examination  of  the 
replies  received  from  so  man}'  different  experimenters  who  have  had  no 
other  instructions  than  those  sent  with  the  inoculating  material  will 
demonstrate  the  success  of  the  new  methods  devised  ])y  the  Depart- 
ment in  a  way  that  would  be  impossible  by  a  mere  discussion  of  results 
obtained  in  the  laboratory  or  greenhouse. 

ALFALFA. 

Alabama,  CtayluUchie.     E.  A.  Thompson. — The  few  plants  which  were  not  overcome 
by  the  drought  show  that  the  inoculation  was  effectual. 

Opelika.  Cecil  G.  Lee. — The  nodules  formed  on  the  roots,  and  I  have  a  good 
stand. 

Twicaloom.  T.  J.  Ozment. — Seed  treated  with  the  bacteria  produced  100  per 
cent  more  than  untreated  seed. 

Akkanhah,  Mount  Ida,  D.  Peters. — Made  a  crop  where  it  would  not  grow  before. 
Am  of  opinion  that  the  inoculation  is  all  right. 

California,  Sanger.  E.  C.  Southworth. — I  had  only  material  enough  to  inoculate  5 
acres;  seeiled  25  ac^res  to  alfalfa.  The  inoculated  seeil  grew,  the  other  did  not. 
1  U8e<l  it  with  such  success  last  winter  that  I  feel  thatl  must  have  it  for  all  this 
winter's  seeding,  and  am  anxious  to  secure  enough  for  about  900  pounds  of 
alfalfa  see<l. 

Mecca.  E.  Brauckman. — I  am  glad  to  state  that  the  inoculation  of  the  alfalfa 
field  is  a  success.  The  soil  is,  or  was,  exceedingly  salty,  growing  nothing  but 
saltwort  and  bushy  samphire.  I  had  grave  fears  whether  the  microbes  could 
flourish  in  such  soil. 

Mem  Grande.  Morgan  R.  Watkins. — The  croym  (alfalfa  and  cowpeas)  were  far 
in  excess  of  the  l)est  results  heretofore,  though  planted  on  the  poorest  soil  and 
in  the  driest  weather.     Other  plantings  were  absolute  failures. 

CoNNEtTK^UT,  (iratiby.  Daniel  P.  Cooley. — The  nodule  formation  is  perfect  No 
crop  has  l>een  harvested  this  season.  Has  been  cut  four  times  to  kill  weeds. 
The  stand  at  this  date  (October  20,  1904)  is  good. 

MarhU'dale.  J.  E.  Watson. — No  alfalfa  has  ever  before  grown  for  me  except  in  a 
well-prepared  seeil  l>ed.  1  have  a  good  stand  of  alfalfa  where  I  sowed  it;  have 
cut  it  twice  and  will  do  so  again  later  in  the  season.  Am  forced  to  believe  in 
its  value  [i.  e.,  of  the  inoculating  material]. 

Delaware,  Townsend.  James  Flanagan. — A  heavy  storm  just  as  plants  came  up 
covered  many  of  them,  but  those  remaining  looked  nicely  and  have  bacteria 
nodules  on  the  roots. 

I  DA  no,  Freese.  I.  E.  Lobaugh. — Made  fine  grow^th  for  first  year.  Good  stand.  Clipped 
throe  times.     Left  on  ground. 

Illinois,  IlUhhoro.  Thomas  S.  Evans. — The  field  of  alfalfa  is  perfect;  whole  field 
deep  rich  green,  not  a  single  pale  or  yellow^  plant.  If  it  does  not  winterkill 
it  will  be  the  first  succensful  att^^mpt  in  growing  this  legume  in  this  section, 
which  8U(Tess  is  without  (l()u])t  due  to  your  inoculating  material. 

Mount  Carmel.  W.  F.  ('hipman. — Nodule  formation  on  almost  every  plant  exam- 
ined ye><terday,  and  foliage  rich  dark  green.  Fine,  vigorous  stand.  1  find  more 
iHxlulcs  on  the  alfalfa  sown  alxmt  a  month  ago  than  on  that  sown  last  May. 
The  n»iiK()n  perhaps  is  tlu*  difference  in  the  amount  of  ground  covered  with 
each  package,  the  first  IxMiig  about  9  acres,  while  the  last  was  spread  oveV  but 
1  acre. 
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Illinois — Contiiuie<l. 

Mount  Morriit.  I>.  E.  Brubaker. — I  find  nodnlee  (juite  evenly  dietribnted  over 
the  entire  plot  of  1  acre.  Am  much  pleafie<l  with  the  8ucce«<.  I  Haturate<l 
s*?ed  instead  of  soil.     Three  cheers  for  the  discoverv. 

Mount  Morru.  A.  W.  Brayton. — A  portion  of  the  field  is  like  the  larjjer  plant 
sent  you;  apparently  the  inoculation  <li<l  good  work  here.     (Se<i  Plate  VIII.) 

Indiana,  Aurora,  E.  L.  Cannon. — I  have  j^ot  a  fine  stand.  I  sowed  300  pounds 
•  lime  per  acre  on  the  clay  land;  then  harrowed.  I  drilled  3  i)ecks  of  oats  per 
acre.  I  cut  40  bushels  oats  per  acre.  Then  we  had  a  severe  <1  rough  t.  The 
alfalfa  died  down,  but  as  soon  as  we  ha<i  rain  it  came  up  from  the  roots.  It  is 
fine.  I  got  a  good  cmp  of  oats  and  a  good  stand  of  alfalfa.  I  have  a  near 
neighbor  who  sowed  oata  with  his  alfalfa,  mowed  then),  an<l  left  them  on  the 
ground  for  a  mulch.  He  has  not  nearly  as  good  a  stand  as  I  have.  lie  did 
not  inoculate. 

Butler.  L.  G.  Higley. — Bacteria  for  alfalfa  was  received  in  good  <'ondition  alK>ut 
May  1.  I  prepared  it  and  mixed  it  with  about  20  bushels  of  rich  soil  and 
sowed  it  on  the  field  after  plowing  it.  I  sowed  my  alfalfa  seed  May  11,  along 
with  2  bushels  of  smooth  barley  per  acre.  It  has  done 'better  than  any  alfalfa 
that  I  ever  sowed.  It  stands  over  a  foot  high  nearly  all  over  the  field.  There 
is  hardly  a  square  foot  of  land  in  the  field  that  i.^  not  well  set  with  plants.  I 
t(x>k  a  spade  to-day  and  went  in  the  field  to  see  if  I  could  find  any  trace  of  the 
bacteria,  and  I  soon  found  that  the  soil  was  full  of  it,  every  plant  having  lots 
of  the  nodules  on  the  roots.  1  then  went  to  a  field  of  2-year-old  alfalfa,  which 
never  waa  treated  with  bacteria,  to  see  if  there  were  any  nodules  there,  and 
after  hunting  a  long  time  I  found  a  few  very  small  noduU's,  Imt  hardly 
enough  to  be  really  worth  mentioning.  This  field  is  failing  and  I  will  have  to 
plow  it  up.  Alfalfa  will  grow  on  rjeal  rich  soil  without  its  bac^teria,  but  I 
l^elieve  it  will  grow  better  with  it;  and  if  the  land  is  the  least  bit  poor  it  will 
starve  to  death  if  it  has  not  its  bacteria. 

Indian  Territory,  Pecasset.  Don  Nolian. — We  had  tried  it  (alfalfa)  twice  before, 
this  being  the  third  trial.  Had  perfect  stand  and  have  cut  three  crops  and 
have  good  covering  for  winter.  There  is  about  1  acre  in  lot,  and  I  have  taken 
alx>ut  3  tons  of  hay  from  it,  or  a  ton  at  each  cutting. 

Iowa,  Afgona.  Judge  W.  B.  Quarton. — I  took  one  gallon  of  nice  rain  water  and  fol- 
lowed the  directions  receive<l  from  your  Department  with  the  culture  of  bac- 
teria, and  received  the  identical  results  that  your  Dej)artment  said  I  would. 
I  personally  inoculated  this  bushel  of  seed,  then  spread  it  out  to  dry,  took  it 
to  the  farm  the  next  morning,  and  i)lanted  the  seed.  »  »  *  j  have  l)een 
upon  my  farm  many  times  between  the  middle  of  July  and  this  writing,  taking 
my  pocketknife  and  digging  down  to  the  roots  of  the  alfalfa  plant.  I  have 
never  failed  to  find  plenty  of  thrifty  lm)king  tubercles  on  the  roots,  the/ rang- 
ing from  one  to  clusters  of  one  hundred,  and  I  am  satisfied  that  my  field  is 
thoroughly  and  completely  inoculated,  and  I  believe  that  your  method  is  a 
complete  success.  *  ♦  *  l  feel  like  congratulating  your  Department  upon 
the  very  thorough  and  practical  work  that  you  are  doing  in  the  line  of  plant 
industry  and  especially  a.s  to  leguminous  plants.  I  hope  that  you  will  continue 
it,  because  the  legume  is  the  one  plant,  al)ove  all  others,  that  fertilizes  the  soil 
and  at  the  same  time  furnishes  the  ]>n)tcin  necessary  to  balance  the  food  ration 
in  our  coni-growing  States  like  lowu. 

(ianmn,  William  S.  Dobson. — Good.  Seed  came  up  and  gn'w.  Had  tried 
same  field  in  alfalfa  the  year  l)efore,  but  di<l  no  good.  Ihus  ]>rovcHl  inoculation 
a  success.  Many  have  tried  alfalfa  experimentally  in  central  Iowa,  but  with 
indifferent  success. 
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1  ow  A — Conti  nued. 

Iloniickx  George  0.  Shedd. — The  stand  is  k^xkI.  I  thought  that  it  would  die  oB 
the  thin,  poor,  yellow  places,  but  looks  now  as  though  it  may  not.  Treated  1 
bushel,  sowed  4  acres. 

Kansas,  Arkanms  City.  Rufus  R.  Marsh. —The  seed  was  used  on  sandy  knolls  Is 
field,  and  made  better  showing  than  balance  of  field  without  inoculation. 

Hcdstead.  G.  R.  Mc Williams. — ^The  inoculated  see<i  lias  a  good  colored  plant;  the 
uninoculated  plants  were  yellow  and  did  not  make  any  hay.  I  would  not  try 
alfalfa  without  inoculating  the  seed. 

Ifalstead.  A.  Murray. — The  alfalfa  inoculated  could  not  have  done  better.  I 
will  not  plant  any  after  this  without  inoculation.  I  think  inoculated  alfalfa  is 
as  good  at  1  year  old  as  uninoculated  is  at  3  years  old. 

IIolioTL  R.  J.  Linscott. — Harvested  three  crops  of  hay.  An  exceedingly  thick, 
even  stand.  Plenty  of  bacteria  on  roots.  A  success  in  every  way.  Hope  I 
can  treat  alfalfa  seed  this  way  every  time  I  sow  it,  as  I  never  had  a  successful 
stand  before. 

ITolUm.  S.  K.  Linscott. — All  that  could  be  desired.  At  seven  weeks  from  dale 
of  planting  it  was  10  inches  high  in  some  places.  Every  root  so  far  examined 
has  from  one  to  six  nodules.     Many  thanks  for  your  kindness. 

Stockton.  J.  J.  Coppersmith. — Proved  very  satisfactory.  Did  about  one-fifth 
better  than  that  not  treated,  but  other  chances  equal.  Amount,  3i  acres;  firBl 
cutting,  3  tons;  second,  5  tons. 

Kentucky,  Berlin.  John  A.  Buser. — One  acre  was  i)lanted;  one  half  was  inoculated, 
the  other  half  was  not.  Receiveii  goo<l  stand  in  all  parts.  On  examination  of 
some  roots  the  treated  plants  had  root  nodules  and  the  untreated  were  barren. 

Eminence.  R.  R.  Geltner. — I  succeeded  in  getting  an  excellent  stand  of  alfalfa. 
Former  trials  proved  a  failure  where  not  inoculated.  Believe  the  inocalation 
will  be  a  great  success. 

Mor eland.  N.  J.  Cone. — Cut  alfalfa  first  year.  I  inoculated  1  bushel  of  alfalfa 
seed  and  sowed  one-half  bushel  without  inoculating.  Got  very  fine  stand  of  that 
inoculated,  not  so  good  on  that  which  was  not. 

Maine,  Seal  Jfarl/or.  Ida  M.  Bodman. — The  inoculated  seed  produced  a  good  though 
not  luxuriant  crop;  the  uninoculated  seed  (or,  rather,  piece  of  ground)  was 
more  buckwheat  weed  than  alfalfa.     My  soil  is  poor,  thin,  and  shallow. 

Wayne.  S.  II.  J.  Berry.— Last  year  I  tried  to  raise  alfalfa  but  was  unable  to  gel 
a  stand,  but  this  year,  by  the  use  of  the  inoculation,  I  have  a  very  pretty  plot 
of  this  valuable  grass.     1  believe  it  to  be  what  my  land  requires. 

Maryland,  McDaniel.  William  Bielefeldt. — Inclosed  please  find  your  card  filled 
out  as  to  general  results.  I  did  not  harvest  any  hay  off  the  field,  but  pastured 
it  lately.  I  am  sorry  that  I  am  not  able  to  give  you  any  definite  figures  on 
the  crop,  and  a.s  your  card  is  not  large  enough  to  express  my  appreciation  and 
enthiLsijisni  for  your  method  of  inoculation  you  will  please  excuse  this  letter, 
in  which  I  will  try  to  sum  u[)  my  observations  of  the  experiment  in  the  fol- 
lowing: I  inoculated  1,.S(X)  pounds  of  alfalfa  seed  with  the  material  received. 
T  dried  the  s(hm1  well  after  inoculating  and  sowe<l  it  from  May  1  to  Augrust  15, 
The  land  is  a  medium  heavy  line  day  soil  and  originally,  I  think,  a  fairly  gooil 
soil,  but  has  been  entirely  farme<l  to  death  with  ccmtinuoua  tol»cco  raising, 
and  after  that  wouldn't  jjfrow  any  more  they  followe<l  it  up  with  wheat  and 
corn  till  that  failed  to  grow  any  more;  then  the  farm  was  sold.  So  I  can  say 
the  soil  is  in  a  very  poor  condition  chemically  and  physically,  so  much  so  that 
(m  2  a<'res  sown  with  seed  not  inoculated,  alfalfa  failed  to  make  a  stand  at  all. 
But  on  all  ground  in  the  same  condition  the  inoculated  seed  made  a  biilUant 
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Ma  ryl  a  nd — Continued. 

etand  and  is  looking  a  real  deep  green  in  color,  when  nearly  everything  else  is 
drie<l  up,  as  we  have  had  no  rairi  for  six  or  seven  weeks.  In  all,  allow  me  to 
flay  that  in  my  opinion  your  Bureau  has  made  the  greatest  discovery  towartl 
helping  the  growing  of  alfalfa  that  could  t>e  made,  and  that  you  may  well  be 
proud  of  it,  and  1  thank  you  for  giving  me  a  chance  to  use  it.  A  neighbor 
adjoining  me  sowed  uninoculated  seed  three  successive  times  on  the  same  piece 
of  ground  and  failed  to  get  a  stand;  that  is  positive  proof  of  the  inoculation 
being  a  benefit. 

Michigan,  Crolon,  E.  L.  Hombeck. — I  have  a  nice  stand  of  alfalfa.  I  think  I 
never  before  saw  young  plants  push  forward  as  rapidly  on  the  start.  The  land 
is  sandy  but  I  have  a  nice  young  meadow  as  the  results  of  my  applying  the 
bacteria.    It  was  a  complete  success. 

Kiffie.  A.  L.  Rockwell. — Mixed  bacteria  with  soil;  sowed  broadcast  after  seed- 
ing; harrowed  lightly.  Seed  all  grew  and  made  a  good  stand.  Other  seed 
w^ithout  bacteria  failed. 

Missouri,  Alexandria.  Jasper  Blines. — The  material  is  a  success.  After  six  weeks  I 
found  large  bacteria  tubercles  upon  the  young  alfalfa  roots. 

Braver,  L.  S.  Hogan. — Seed  sown  has  plenty  of  nodules  on  the  roots  and 
promises  a  good  crop  next  season.  The  same  piece  of  land  sowed  to  alfalfa  in 
1902,  seed  not  inoculated,  all  died  out  the  following  summer. 

Levy.  Thomas  O.  Hudson. — Planted  in  1901.  Inoculation  good.  Alfalfa  was 
sickly  and  yellow  and  spindling,  and  did  not  do  any  good  till  this  year  after 
inoculation.  This  year  it  has  been  dark  green  and  thrifty,  and  I  think  it  will 
be  better  next  year. 

Nebraska,  Agee.  Sam  Nelson. — Got  a  good  stand  and  it  has  made  good  aftergrowth 
where  twice  before  it  was  practically  a  failure.  Am  satisfied  inoculation  gave 
good  results. 

Atkinmn,  H.  E.  Henderson. — I  got  a  good  stand  where  I  had  failed  twice  before. 
I  think  it  the  only  safe  and  sure  way  to  secure  a  stand. 

Liberty.  Harry  D.  Huyck. — I  sowed  seed  and  inoculated  soil  on  a  2-acre  field  of 
2-year-r)Id  alfalfa  to  thicken  stand.  Produced  10  loads  of  hay  as  against  5 
loads  in  190.3.  All  young  plants  thriving,  old  plants  much  l>etter  stand,  prob- 
ably due  to  severe  harrowing  and  inoculation. 

Omaha.  A.  L.  Cottrell. — Alfalfa  bacteria  successful  for  alfalfa  inoculation. 
Growth  larger.  Full  report  of  experiment  is  given  in  my  post-graduate  thesis 
on  "Alfalfa  as  a  forage  crop  for  Iowa." 

Page.  L.  M,  Butler. — ^The  seed  inoculated  was  more  satisfactory  in  stand  and 
growth  than  that  sown  without.     Think  it  is  all  right. 

Utica.  John  C.  Lloyd. — Ranker  growth  than  before  treatment  and  a  much 
heavier  crop  of  hay.  Cut  three  times  and  could  have  cut  four,  but  pastured 
the  last  crop.  The  bacteria  were  used  on  5  acres  of  alfalfa  sown  three  years 
ago,  with  above  result. 

New  Jersey,  Rosenhayn.  A.  F.  Lewis. — This  year  I  have  a  fine  stand  on  the  same 
ground  that  1  failed  on  twice  without  inoculation. 

rineland.  E.  L.  Bolles. — First  cutting  on  May  25,  1904,  of  2  to  3  tons  from  1 
acre  (see<led  August  25,  1903),  nine  months  from  seeding.  Scores  of  trials 
without  inoculation  have  been  made  in  this  section  with  universal  failure. 
Alfalfa  wintered  well,  while  we  had  a  killing  winter  for  crimson  clover. 

New  Mexico,  Nogal.  Ed.  C.  Pfingsten. — Inoculation  applied  on  seed,  no  bacteria; 
soil  inoculated  shows  bacteria  on  all  roots  examined.  Soil  inoculated  plants 
from  20  to  30  inches  high,  others  6  inches. 
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New  York,  Fillmore.  C.  V.  Mills. — It  looks  very  promising  to  go  into  winter.  I 
had  a  good  color  and  never  turned  yellow  (luring  ite  growth.  I  can  find  plenty 
of  nodules.  I  think  the  bacteria  a  benefit.  Tried  growing  it  two  eeason 
without,  and  it  made  a  sickly  growth. 

Amsterdam.  Barlow  W.  Dunlap. — Sowed  April  27,  after  treating  seed*  aw 
drying,  90  pounds  to  SJ  acres  with  1  bushel  of  barley  per  acre.  Have  cu 
twice,  and  now  have  a  very  thick  even  stand  of  alfalfa  about  10  inches  high,  o 
a  very  dark-green  color.  I  have  recently  examined  the  plants  in  all  parts  a 
the  field  and  find  nodules  on  nearly  every  root.  The  same  piece  was  sowi 
with  untreated  alfalfa  seed  in  1902.  The  plants  started  well,  but  nearly  al! 
died  Ix'fore  fall.     I  could  not  then  find  a  single  nodule  on  the  nx)ta. 

AjHtlachhu  C.  L.  Yates. —Sowed  last  year  on  piece  adjoining  and  had  no  lock. 
Plowed  the  ground  this  year  lt?t  of  May  and  have  got  a  good  stand.  Thini 
the  inoculation  was  a  good  thing. 

Briar  cliff  Manor.  Walter  W.  Law,  manager,  Briarcliff  farms.— Good  stand.  ] 
never  could  get  any  to  take  ])efore. 

Cajiastotn.  W.  R.  Groat. — A  grand  success.  Carefully  carried  out  your  instruc- 
tions in  preparing  the  culture  and  in  inoculating  the  seed;  rolleii  it  in  and 
have  a  heavy  even  stand  8  inclies  high  over  .the  entire  3J  acres.  Have  spent 
a  great  deal  of  time  in  getting  information  about  what  success  others  have 
had  in  those  parts,  and  all  complain  of  not  being  able  to  get  a  good  stand,  and 
some  sow  1  bushel  per  acre  and  then  do  not  get  it.  This  is  my  first  attempt, 
but  I  am  satisfied  that  my  success  is  due  to  the  inoculation,  but  one  in  prepay 
ing  must  carefully  carry  out  your  instructions  to  insure  success. 

SlanfordviUe.  Albert  Knapp. — This  seed  was  sown  on  ground  where  I  tried  to 
get  alfalfa  the  year  before  and  failed,  the  plants  turning  yellow  when  about  six 
weeks  grown,  and  dying.  I  now  have  a  fine  stand  on  same  ground,  the  result, 
I  think,  of  inoculation. 

Waterport.  F.  C.  Broad  well. — Continuous  rains  prevented  seeding  in  spring  as 
expected.  Catch  remarkable  and  growth  fine  for  the  time  sown  (August  22). 
Benefit  of  inoculation  verv  noticeable. 

» 

Willard.  Frank  L.  Warne,  steward,  Willard  State  Hospital. — Beneficial  and 
satisfactory.  A  portion  not  inoculated  does  not  show  the  sturdy  and  healthy 
growth  that  the  main  portion  of  the  field  does.  Two  crops  have  been  cut, 
August  10  and  September  30,  though  not  seeded  until  June  16. 

Yoxmgstown.  Elbert  L.  Baker. — Nodules  seem  abundant,  and  color  of  plants 
good  throughout  the  sea^son. 

North  Carolina,  West  Raleigh.  C.  K.  McClelland. — Four  cuttings  have  been  made; 
secnmd  and  third  cuttings  contained  nmch  alfalfa.  Examination  shows  plenty 
of  tubercles  on  the  roots,  so  inoculation  was  successful. 

Ohio,  Cincinnati.  Jas.  P.  Holdt.— A  good  stand,  while  another  field  about  sane 
quality  of  ground  not  inoculated  had  a  poor  stand  and  was  severely  affecteii 
by  the  drought.  Tried  seed  inoculation  and  ground  inoculation,  and  there 
seemed  to  \)e  no  difference  in  results. 

E<tst  Springfield.  Jos.  D.  Flenniken. — On  examining  the  plants  July  8,  even* 
plant  had  the  nodules  formed  on  the  roots.  I  think  it  a  success.  So  far  1  am 
pleased  with  result.  (Later,  November  2.) — I  have  a  good  stand  of  alfalfa 
and  it  is  at  present  about  10  inches  in  height.  My  neighbor  planted  some 
same  day  I  did,  with  the  same  attention  and  same  treatment,  except  he  did 
not  inoculate.  I  was  in  his  field  October  28,  and  his  planta  were  small,  puny, 
sickly  things  and  very  scarce.     What  he  had  I  don't  think  will  winter,  while 


REPORTS ALFALFA.  51 

>  Hio— Con  tinned . 

the  roots  had  no  nodules  that  I  could  find.  My  plants  have  roots  as  large  as 
a  lead  pencil  and  nodules  as  large  as  peas  on  them  and  as  many  as  fifteen 
stools  on  one  crown. 

J^eslmrg.  Arthur  Ladd. — Date  of  planting  May  12;  date  of  dipping  Augunt  1. 
The  inoculated  seed  was  8  inches  high  and  a  dark  green  color.  The  uninocu- 
lated  was  2  to  4  inches  high  and  yellow  in  color.  Uninoculated  neems  to  be 
dying  out. 

Malta.  C.  A.  Clements. — Got  a  stand  of  thrifty  gn)wth  and  of  dark-green  color. 
Think  the  inoculation  successful  as  there  are  nodules  on  the  roots.  Neiglil)ors 
say  if  I  can  grow  alfalfa  on  that  land  it  can  be  grown  anywhere  in  the  country. 

MofUpelier.  D.  W.  Mc^Jill. — Good  stand  where  none  8too<l  without  inoculation. 
Am  satisfied  inoculation  helped. 

yew  Alexandria.  A.  C.  Fellows. — Result  of  inoculation  is  gcxxl.  Alfalfa  is  dark 
green,  while  strip  not  use<l  on  is  turning  yellow. 

Sharon.     J.  B.  Keys. — Have  a  fine  prospect;  find  nplendid  nodule  formations  on 

the  roots. 
Yellow  Springs.     M.  R.  Grinnell. — Seed  came  up  very  quickly  and  has  made 

wonderful  growth;  roots  have  nodules  on  them  very  thick.     Bushel  of  seed 

sown  on  2  acres  with  1  bushel  of  oats  per  acre.     Harvesteil  4 J  tons  of  hay  at 

two  cuttings. 

Oklahoma,  Lambert.  T.  W.  Croxton. — Gcxxl,  a  perfect  stand,  and  of  healthy  color. 
On  upland  prairie. 

Oregon,  Applegale.  C.  H.  Elmore. — Seed  all  grew  and  lived  through  a  dry  summer  on 
high,  dry  hill  land;  bids  fair  for  a  good  crop  next  year.  Without  treatment 
the  seed  did  not  germinate  at  all. 

BedfiM.  Albert  Mark. — We  sowed  10  pounds  of  seed  on  about  three-fourths 
of  an  acre.  One-half  was  richly  manured,  which  did  not  do  very  well  as  it 
mostly  went  to  weeds.  The  other  half  made  a  gowl  stand,  grew  18  inches 
high,  and  came  up  ver>'  thick,  all  without  water. 

Days  Creek.  C.  N.  Wood. — Will  say  1  followed  the  directions  and  succeeded 
well.  I  plante<i  alfalfa  seed  May  2,  1904,  on  fairly  good  clayey  loam.  Had  to 
cut  it  twice.  The  last  cutting  one-half  ton  per  acre  on  August  25,  1904,  or  in 
four  months  from  date  of  planting.  I  sowed  red  clover  the  same  day  and  cut 
the  same  date  and  harvested  1  ton  per  acre  in  four  months  fn)m  date  of  plant- 
ing. This  result  is  with  irrigation.  My  neighbor  sowed  alfalfa  and  red  clover 
the  same  time  I  did,  also  with  irrigation,  e(]ually  as  good  seed  and  equally  as 
good  or  better  soil,  and  his  crop  did  not  get  large  enough  to  clip  at  all  this  year 
yet,  and  it  looks  sickly,  while  mine  is  thick  and  a  rich  green  in  color.  My  crop 
of  alfalfa  and  red  clover  is  at  least  60  per  cent  ahead  of  my  neighbor's.  Mine 
w^as  inoculated  and  his  was  not.  I  shall  use  soil  from  the  inoculated  field  to 
inoculate  other  fields  of  the  same  kind  of  crop. 

^^i^'SYLYANiA,  Hooksfovm.    S.  M.  Ramsey. — A  success  at  the  present  time.     A  good 
I         stand  and  good  color.    The  same  ground  sowed  last  year  was  a  total  failure; 
came  up  sickly  and  yellow  and  dwindled  away. 

Hosensack.  E.  A.  Mackling. — The  stand  was  nmch  thicker  than  that  from  seed 
planted  on  the  same  ground  the  year  previous. 

Muddycreek  Forks,  Vallie  Hawkins. — Sowed  3  acres  without  inoculation  last 
year.  Good  stand  but  few  nodules.  Had  to  resow  this  year  (August  2),  and 
inoculated  seed.  Roots  are  well  supplied  with  nodules  and  I  have  a  good 
stand,  8  to  12  inches  high,  on  October  18. 
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Tyrone.  H.  C.  Blair. — Alfalfa  tried  last  year  (1903)  did  not  grow.  Inoculated 
seed  produced  a  good  stand.  Last  measurement  of  a  stock  showed  plant  12 
inches  high,  root  4  inches.     We  consider  the  results  fine. 

South  Carolina,  WUltamston.  A.  W.  Attaway. — Very  dry  time  on  it,  nevertheless  a 
very  good  stand.  Think  inoculation  very  profitable.  Others  tried  withoot 
inoculation  and  fell  behind  me. 

Tennessee,  ClarkmUle.  Gold  Goodlett. — You  sent  me  a  package  last  year,  bot  the 
weather  turned  so  cold  that  I  did  not  sow  seed;  kept  all  until  spring,  treated 
seed,  and  secured  a  wonderful  stand;  think  every  seed  came  up.  I  moit-ed  it 
three  times. 

Columbia.  Horace  fi.  Hanson. — It  has  tubercles  formed  on  the  roots;  is  looking 
fine  and  healthy.  Some  of  it  is  on  very  thin  land.  I  have  been  trying  this 
])lant  on  the  same  land  for  three  years  without  success. 

Texas,  Fort  Worth.  W.  H.  Irwin. — Sowed  1,000  pounds  of  seed  on  50  acres.  Obtained 
one-third  more  alfalfa  hay  where  inoculated;  three-fourths  ton  per  acre  fir^ 
cutting,  1  ton  each  other  two  cuttings. 

San  Antonio.  B.  G.  Barnes. — The  inoculated  appears  to  be  more  vigorous  and 
healthy  than  that  without  inoculation,  although  the  latter  was  planted  fii^t 
and  originally  came  to  a  better  stand  by  reason  of  the  ground  being  in  good 
condition  at  the  time  of  planting,  while  the  inoculated  was  not. 

Vermont,  Randolph.  John  W.  Burt. — We  think  the  result  is  very  good.  If  we  had 
cut  as  a  crop  this  season  we  would  have  gotten  a  good  yield,  and  we  are  con- 
fident that  next  year  will  show  satisfactory  results. 

Virginia,  East  Leake.  A.  K.  Leake. — It  is  18  inches  hiarh  and  could  not  be  more 
promising;  looks  splendidly.  You  will  see  by  the  samples  I  send  you  that  it  is 
full  of  nodules,  showing  in  an  astonishing  manner  the  bacteria-bearing  nodulesw 
There  are  nodules  on  every  plant  I  dug  up.  When  I  dug  up  some  old  plants 
from  a  field  which  has  failed,  I  saw  no  nodules.  No  one  has  ever  8uoceede«l 
with  alfalfa  here. 

Ettrick:  W.  S.  Ivey. — On  land  sown  drj,',  splendid  results;  plants  8  inches  tail 
and  well  spread;  on  wet  land,  poor  results.  Bacteria  nodules  plentifnl  on 
moHt  of  i)lot  larger  than  grains  of  wheat. 

GlenaUen.  Mrs.  Imogen  Holladay. — A  very  good  stand.  I  have  been  nnable  to 
get  one  without  inoculation.    The  roots  are  plentifully  supplied  with  nodul(»si. 

Norfolk.  Dr.  Livius  Lankford. — A  most  decided  difference  between  inoculated 
and  uninoculated  4  acres;  4  to  6  inches  high  (6  weeks  old),  deep  green  all 
over.     One  acre  not  inoculated  nine-tenths  dead,  rest  yellow. 

Occoquan.  AV.  W.  Giles. — I  sowed  the  inoculated  alfalfa  seed  May  24,  24  pounds 
to  the  acre,  with  a  wheat  drill,  sowing  slaked  lime  at  same  time  and  in  direct 
contact  with  the  seed.  It  came  up  splendidly,  and,  I  believe,  too  thick.  Thirty 
days  after  it  was  sowed  it  was  6  inches  high,  and  is  now  looking  el^ant. 
Twelve  years  ago  I  sowed  2  acres  of  alfalfa  here  and  never  discovered  a  apear 
of  it  growing.  Of  course,  this  was  before  the  inoculation  was  known.  (See 
Plate  IX. ) 

Washington,  Belma.  Chas.  Ricliey. — Inoculation  very  beneficial.  Growth  had 
formerly  been  very  poor;  plants  turned  yellow  and  many  died,  making  it  hard 
to  get  a  good  stand.     Now  difficulty  is  overcome. 

Cheney.  Roswell  K.  Johnson. — My  experiment  seems  to  be  successful.  We  have 
the  nodules  on  the  inoculated  plants,  but  none  on  those  not  inoculated.  I 
think  there  is  an  improvement  in  the  growth  of  the  inoculated  plants. 
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North  Yakima.  W.  J.  Hess. — Fourth  year.  The  crop,  which  had  been  short, 
pale,  and  spindling,  took  on  a  darker  color  after  inoculation  and  made  a  rank 
growth.  Yielded,  I  think,  about  three  times  as  much  as  formerly;  did  not 
weigh. 

Sprague.  Arthur  A.  Baldwin. — Results  very  satisfactory.  Yieldeii  alx)ut  1 
ton  per  acre  on  dry  hill  land.  Good  prospects  for  next  year.  Has  had  posi- 
tively no  rain  since  last  of  May.     (Report  dated  October  9.) 

WinoTia,  W.  H.  Mumford. — Inoculation  appeared  to  be  perfect,  all  plants  having 
good  color  from  the  first,  and  at  no  time  have  there  been  any  yellow  leaves. 

Wbht  Virginia,  Berea,  John  E.  Meredith. — Have  been  trying  to  grow  alfalfa 
twelve  years,  and  have  now  the  finest  prospect  of  success  that  I  have  yet 
experienced. 

Wisconsin,  Fort  Atkinson.  "Hoard's  Dairyman,"  November  11,  1904. — An  experi- 
mental trial  of  this  method  of  inoculation  was  made  by  Professor  Short,  one 
of  the  editors  of  this  paper,  last  summer  with  verj'  evident  success.  Our  field 
already  shows  the  good  effect  of  inoculation.  (The  method  consisted  in 
going  over  an  alfalfa  field  which  was  not  thriving  with  a  sprinkling  cart  con- 
taining the  culture  liquid.  The  operation  was  comparatively  inexpensive,  as 
a  16-foot  pipe  drilled  full  of  holes  was  attached  to  the  rear  of  the  sprinkling 
cart,  the  water  thus  taking  a  sweep  of  nearly  a  rod  in  width. ) 

Stevens  Point.  F.  G.  Pattee. — Where  treated,  found  some  roots  with  clumps  of 
nodules  as  large  as  small  hickory  nuts;  where  not  treated,  only  an  occasional 
one. 

RED   CLOVER. 

California,  Areata.  William  W.  Turner. — A  part  of  the  ground  was  a  loose  sand, 
a  deposit  from  the  river.  It  was  a  hard  matter  to  get  anything  to  grow  on  it. 
Here  is  where  my  inoculated  clover  seed  seems  to  grow  and  flourish.  The  rest 
of  the  ground  was  a  sediment  loam  and  very  rich.  It  was  not  long  before  the 
pigweed  started,  and  it  came  so  thick  that  it  choked  out  the  clover,  except 
what  was  on  the  sand.     That  is  growing  nicely;  has  a  nice  dark-green  color. 

CoNNBCTicuT,  Bethel.  George  H.  Pearson. — Clover  made  strong  growth  l:)efore  rye 
was  ripe.  Cut  one  ton  of  red  clover  the  middle  of  September,  after  rye  was  cut. 
Poor  sand  and  gravelly  knolls  did  nearly  as  well. 

Ifofoort.  Samuel  Wilson. — I  sowed  about  8  pounds  of  seed,  not  inoculated,  all 
over  field  and  3  pounds  of  inoculated  seeil  in  the  form  of  a  cross.  Result, 
cross  distinct  with  clover;  balance  of  field  none.  In  company  with  Mr.  E.  R. 
Bennett,  of  Storrs  Agricultural  College,  I  went  over  fields  about  September  1 
and  found  stand  of  clover  apparently  increasetl  since  harvesting. 

Dblawabe,  Tovmsend.  J.  H.  Lamb. — Sown  on  ground  where  clover  failed  in  spring 
of  1903.     Now  have  a  beautiful  stand  all  over  the  field. 

Idaho,  Cceur  d'Alene.  James  Reid. — Considerable  improvement.  On  examination, 
foimd  few  nodules  on  clover  uninoculated  and  verv  abundant  on  clover 
inoculated. 

Dupont.  J.  H.  Coon,  sr. — Seed  was  sown  on  a  plot  6  by  7  feet,  and  has  nimle  a 
good  stand  about  10  inches  high.  I  sowed  a  similar  plot  with  same  seed  not 
inoculated,  and  can  not  find  a  single  plant  on  it. 

Illinois,  Anna.  J.  W.  Fuller. — Splendid.  Got  good  crop  where  I  had  failed  eight 
years  in  succession. 

JEmington.  C.  H.  Gill)ert. — A  more  vigorous  growth  than  where  seeds  were  not 
treated.     Made  a  good  growth  where  I  could  not  raise  clover  in  former  trials. 
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Xeoga.  C.  L.  Wallace. — Seed  treated  with  bacteria  was  seeded  on  extra  thin 
land  and  secured  ver}*  good  stand. 

Ranioul.  Karl  Ekblaw. — As  the  clover  was  plowed  up,  no  accurate  estimate  of 
benefit  could  Ije  ea]culate<l,  but  the  stand  of  clover  was  at  least  25  per  eent 
better  upon  inoculated  ground. 

mn^oir.  J.  H.  Benfer. — Used  inocolating  material  and  the  clover  roots  have 
the  little  nodules  on  them  all  right.  Other  fields,  not  inoculated,  have  no  sigpe 
of  nodules. 

Ikdiana,  Colfax.  T.  C.  Holloway. — The  clover  was  pastured  after  the  crop  of  wheat 
was  taken  off.  Can  give  no  exact  figures.  It  was  sown  on  white-clay  land 
that  has  been  producing  very  poorly.  It  now  seems  equally  as  good  as  that 
on  the  black  land. 

Iowa,  Muscaline.  Charles  A.  Price. — Clover  sowed  with  oats.  The  oats  showed  an 
increase  of  15  bushels  per  acre  over  oats  on  same  ground  where  no  tneatment 
was  given.  An  examination  of  the  clover  roots  showed  75  per  cent  more 
nodule  formation  than  on  that  from  untreated  seed. 

SheUrock.  John  McNamara. — Good.  The  land  was  worn  out  that  the  clo^^er 
was  sown  on,  and  clover  would  not  grow  there  without  the  inoculating  mate- 
rial. I  have  tried  clover  on  the  same  ground  for  the  last  four  years  and  it 
would  not  grow. 

Kansas,  Burlbiglon.  John  W.  Alexander. — Plots  1  and  2,  4  acres  each,  yielded  three- 
fourths  to  1  ton  per  acre;  seeded  April  15.  Plots  3  and  4,  1  acre  each,  nc»t 
inoculated,  but  seeded  at  same  rate  and  at  same  time,  very  weak;  not  much 
growth,  no  hay  cut. 

Koivsfu  City.  John  Porty. — The  clover  on  5  acres  was  about  35  per  cent  better 
where  the  seed, was  inoculated  than  the  other  5  acres  where  the  seed  was  not 
inoculated. 

Winchesier.  B.  G.  Jeffries. — As  clover  will  not  do  any  good  in  Oklahoma,  I  was 
surprised  at  my  success,  and  think  it  just  the  thing  for  Oklahoma. 

Kentucky,  Hopkinnnlle.  Ben  C.  Moore. — Cut  2  acres  of  clover  which  had  been 
inoculated  and  2  which  had  not  been,  and  find  that  there  is  a  difference  of 
about  500  pounds  per  acre  in  favor  of  inoculated  seed. 

Olmstead.  John  T.  Young. — I  think  the  clover  will  live.  Good  stand  at  pres- 
ent (October  26),  although  we  have  had  the  most  severe  drought  since  July 
15  I  ever  saw.     All  other  clover  sowed  at  the  same  time  is  dead. 

Warsaw.  £.  A.  Kea. — Have  a  good  stand,  with  a  prospect  of  a  fine  crop  next 
spring.     Small  plot  in  middle  of  field  not  inoculated  all  died  out. 

Maine,  Augusta,  John  Jackman. — The  very  best  results.  I  soaked  or  moistened 
seed  carefully,  as  per  directions,  and  reserved  small  piece  of  ground  for  test;  rest 
of  ground  was  sown  to  same  kind  of  seed,  but  catch  on  inoculated  patch  is 
noticeably  stronger.     It  seems  as  if  every  seed  came  up  and  grew. 

Portland.     W.  S.  McGeoch. — Increased  yield  about  20  per  cent. 

Wayne.  8.  H.  J.  Berry. — Have  in  previous  years  had  very  unsatisfactory  results 
in  getting  a  catch  of  grass,  and  especially  clover.  I  tried  the  bacteria  for  this 
crop  and  am  well  pleased  with  the  results. 

Maryland,  Grayton.  Rev.  William  Brayshaw. — Report  on  clover  sown  September, 
1903,  at  Valley  Lee,  Md.  I  sowed  two  lots  of  seed  side  by  side,  one  inoculated, 
the  other  with  100  pounds  of  South  Carolina  rock.  Inoculated  made* double 
the  growth  and  bade  fair  to  give  three  times  the  quantity  of  hay.  (A  later 
report  states  that  the  clover  was  pastured,  and  no  figures  as  toj^nal  yield  could 
be  given. ) 
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Snuthsbarg,  S.  H.  Buhrman. — Set  of  clover  is  50  per  cc^nt  better  at  thi.s  date  than 
it  was  one  year  ago  at  same  date.  Xever  had  a  finer  set  of  clover.  Certainly 
must  give  the  inoculation  the  credit  for  fine  stand. 

MASSACHrsETTs,  BostoH,  Israel  Lefavour. — Fully  double  over  that  where  no  inocu- 
lating material  was  used.  The  increase  would  have  been  much  larger  pro- 
portionately on  poorer  land,  I  think  I  shall  try  on  land  next  year  that  has 
not  been  fertilized  in  twenty  years. 

Concord.  Wilfred  Wheeler.  —The  plants  were  large  and  very  heavy,  some  grow- 
ing 3}  feet  high.  I  am  satisfied  the  result  was  due  to  inoculation.  (Seeded 
April  20,  report  August  1;  only  three  months'  gro^^-th.) 

PitUfield.  W.  R.  Stevens. — Used  8  quarts  of  seed  to  the  acre  with  timothy  and 
Tedtop  and  have  never  seen  a  finer  growth  of  clover.  To  test  the  inocu- 
lated clover  seed  on  poor  soil  (or  no  soil)  on  a  side-hill  pasture  where  to  my 
knowledge  it  has  not  been  plowed  for  over  60  years — the  soil  all  washed  off  and 
no  vegetation  growing  which  stwk  would  eat — I  spaded  a  small  piece,  sowed 
clover,  laid  on  brush  to  protect  it  from  cattle,  and  the  result  was  a  thick, 
rank  growth  of  clover  not  only  where  the  ground  was  spaded  but  several  feet 
below  where  heavy  rains  washed  the  seed  down,  thus  proving  the  value  and 
benefit  of  the  microbe  inoculation  l^eyond  the  chance  of  my  doubting. 

Michigan',  FenmiUe.  Chas.  E.  Bas.sett. — Inoculated  part  of  field  gave  12  per  cent 
more  yield,  and  nodules  on  roots  were  as  large  as  small  peas,  while  on  that 
not  inoculateii  the  nodules  were  extremelv  small. 

Mayiion.  AVill  S.  Felton. — The  clover  on  the  hills  and  light  spots  is  fully  as  good 
as  that  on  the  heavier  soil,  and  the  stand  is  much  more  even  and  vigorous  than 
untreated  seed  on  similar  soil. 

yapolron.  E.  L.  Griffin. — A  glowing  success  till  about  June  30,  when  the  crop 
was  killed  by  exce«!sive  drought.  One-half  acre  in  protected  place  a  splendid 
success.  On  the  half  acre  great  numbers  of  nodules  are  present,  and  rank 
growth  of  clover. 

Jioyal  Oak.  H.  C.  Wilson. — This  season  has  l)een  very  unfavorable  for  clover 
in  this  locality.  Will  say  that  no  one  near  here  has  a  catch  of  clover  that  I 
know  of  except  myself.  Have  a  good  catch  of  clover  on  three-fourths  of  my 
field  of  7  acres.     Believe  it  was  because  I  used  clover  culture. 

Minnesota,  Campbell.  N.  W.  Ware. — Bacteria  nodules  show  in  abundant^  and 
plants  very  thrifty.  Sown  oo  15  acres  of  northwest  Minnesota  Red  River 
prairie  soil  with  best  results.  Former  owner  tried  in  vain  for  years  to  get  a 
stand  of  clover. 

Montevideo.  John  C.  Lucas. — Have  an  extra  good  stand,  and  the  finest  roots 
full  of  nodules  of  very  large  size.  This  clover  was  grown  on  land  that  never 
had  clover  on  it  before. 

Missouri,  CabooL  C.  L.  Morris. — Sowed  two  plots.  Plot  1  was  inosculated  and  has 
made  a  fine  growth.  Plot  2,  not  inoculated,  has  nearly  all  died  out.  Plot  1  a 
successi;  plot  2  a  failure. 

Chapel.  Verona  Jones. — I  inoculated  the  soil  and  I  harvested  two  crops  off  the 
ground  that  was  treated.  The  last  crop  was  well  filled  with  seed.  I  believe 
inoculation  to  be  a  great  help  here,  as  far  as  I  have  tried  it. 

St.  Louis.  G.  S.  Myers. — One-third  better  in  growth  and  appearance  than  the 
unlnoculated. 

Sedalia.  Jay  H.  Decker. — AVhere  seed  was  treated  the  stand  was  nearly  twice 
as  heavy.    The  ground  was  sown  with  same  seeder,  adjusted  the  same. 
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Nebsaaka,  Elgin.  Marcrus  Bro^iii. — Inoculation  sucoesBful,  nodalea  appearing  qmle 
plentiful,  though  uneven.    Crop  appears  best  I  ever  saw  in  Nebraska. 

NoBTH  Carolina,  Loftu.  Benj.  G.  Estes. — I  have  a  fine  catch  of  clover  where  I  hav<» 
not  been  able  to  get  clover  at  all.  In  fact,  the  farmers  say  clover  will  not  grow 
here  at  all. 

Skyland.  A.  B.  Case. — Find  at  least  a  gain  of  one-third  more  nodule  formation 
over  the  seed  not  treated.     A  success  according  to  my  investigation. 

Njbw  York,  Adams  Basin.  C.  O.  Barclay. — I  never  had  as  gootl  success  with  clover 
seed  before.  It  looks  as  if  every  seed  germinated.  I  have  failed  for  the  pa^ 
three  years. 

Albion.  Oliver  A.  Paine. — We  had  good  success  with  our  clover.  One^half  lai^^er 
where  we  used  inoculating  material. 

Butterfly.  J.  E.  Baker. — I  have  a  good  stand  of  clover  on  ground  that  I  did  nc4 
expect  could  grow  it  successfully.  It  came  up  the  soonest  and  rankest  in  the 
spring  of  any  I  ever  grew. 

Ghent.    George  T.  Powell. — Sown  in  orchard  for  cover  crop.     OnOctoljer  15  the 

'     inoculated  seed  stood  4  inches  higher  than  adjoining  untreated,  while  nodule 

development  was  greater.     The  gain  is  more  marked  on  this  poor  land  than 

on  fertile.  { 

Holland  Patent.  H.  W.  Dunlap. — My  tenant  reports  the  best  stand  he  has  bad 
during  his  occupancy  of  the  farm,  and  that  upon  a  hillside  where  until  then 
he  had  never  been  able  to  make  red  clover  grow.  Plants  I  examined  in 
August  showed  nodules  in  every  case.  Having  more  of  the  culture  liquid  than 
could  l>e  used  upon  the  seed,  I  distributed  this  on  some  light  loam,  which, 
after  stirring  and  drying,  was  broadcasted  upon  a  small  part  of  a  field  already 
in  clover.  My  tenant  reports  that  the  color  and  size  of  the  clover  indicateti 
the  di^^t^ibution  of  the  soil  perfectly. 

Prattsburg.  B.  I.  Graves. — The  clover  where  clover  inoculation  wa.s  used  was 
far  better  than  where  sowed  without.  A  perfect  success.  The  inoculated 
ground  the  poorest;  sowed  as  other  seed. 

Ohio,  ClncinmUi.  C.  M.  Anthony. — We  inoculated  our  seed,  and  our  clover  has 
made  most  excellent  growth  on  very  poor  sandy  soil  in  the  fruit  district  of 
Michigan. 

Seaman.  Ira  C.  Howard. — A  fine  set  on  clay  upland.  I  sprinkled  the  water 
that  was  left  after  soaking  the  seed  over  the  ground  in  spots;  every  spot  is 
plainly  visible. 

Sidney.  Miss  Ida  K.  Wilson. — Perceptible  nodules,  though  not  much  larger 
than  pin  points,  but  both  root  and  top  development  much  greater  than  that 
produced  from  noninoculated,  and  the  latter  produced  no  nodules.  Soil  a 
worn-out  clay. 

Oregon,  Corvallis.  C.  A.  Bareinger. — Inoculation  apparently  good.  Plants  \Tgoroa?. 
Best  stand  I  ever  had — more  favorable  seasons  not  excepted.  Attribute  some  <»f 
growth  to  land  plaster.     I  l)elieve  the  inoculation  a  success. 

Oreswell.  R.  D.  Haw  ley.— Made  a  fine  growth,  12  inches  high,  and  thick. 
Another  piece  sowed  at  the  same  time  on  an  adjoining  field  died  out.  Xearly 
all  the  inoculated  is  all  right  and  a  success. 

Pennsylvania,  Arthurs.  J.  E.  Breniman.— The  growing  clover  is  thrifty  and  well 
rooted.     It  will  do  well  on  poor  Pennsylvania  soil. 

Center  Hall.  John  F.  Alexander. — The  result  of  inoculation  has  been  very  satis- 
factory, having  fully  twice  the  growth  as  compared  to  seed  sown  sooner  with- 
out inoculation.     I  am  favorably  impressed  with  this  system  of  fertilizing. 
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C"?C8YLVANI  A — Contin  ued . 
J^eeporL    Georjfe  T.  Ralston. — Have  secured  a  good  stand  of  clover  on  an  old 
worn-out  field  that  I  had  failed  to  get  clover  on  three  times  in  succession. 
Regard  the  treatment  as  a  success. 

Southport,  F.  L.  Bray. — Clover  looks  fine  in  lot  where  inoculation  was  used; 
scAreely  any  in  lot  where  no  inoculation  was  used.  Both  lots  w^ith  same  soil, 
same  methods  of  cultivation,  same  nurse  crops,  and  same  time  of  sowing. 

Fbi^ LESSEE,  Gruelti.  Ig.  Schlageter. — Inoculation  satisfactory,  twice  as  much  as  on 
the  side  not  inoculated.  Did  not  harvest  it  this  the  first  year,  but  it  waa  twice 
as  laiige  as  the  uninoculated. 

Verjmoxt,  Berlin.  William  McCarthy. — Appears  to  be  good;  clover  is  better  where 
inoculated  than  any  other  place  in  the  field. 

ViiMiiNiA,  Flairidge.  J.  W.  Perkins. — The  clover  is  two  or  three  times  larger  than 
portion  of  field  not  treated.  Can  tell  where  inoculated  as  far  as  you  can  see 
the  field. 

Meadcnv9of  Dan.  Ira  J.  McGrady. — Inoculation  good;  the  roots  of  plants  are 
covered  with  nitrogen  traps.  Some  plants  contain  es  many  as  100  nodules  to 
the  plant  I  have  a  good  stand  on  land  that  had  been  cropped  twenty  years 
and  never  sown  to  grass. 

Sandidges.  VV.  S.  Gill. — Seed  inoculated  produced  clover  18  to  20  inches  high  at 
this  time  and  blooming.  That  not  inoculated  6  to  8  inches  high  and  sickly 
looking;  not  blooming.  I  have  all  confidence  in  the  bug  and  believe  it  will 
restore  clover  to  us  again. 

Wolftrap.  E.  W.  Armi^tead. — Put  the  bacteria  on  2  acres  and  then  sowed  the 
seed.  I  got  the  finest  stand  I  ever  saw  and  a  foot  high  by  July  1.  (Sowed  in 
March. ) 

Washington,  Bolhell.  Harry  G.  Brower. — Mixed  the  material  according  to  direc- 
tions and  thoroughly  wet  10  pounds  of  red  clover  seed  three  times  and  dried  each 
time.  What  liquid  I  had  left  I  mixed  with  25  pounds  of  dry  dirt  and  sowed 
this  on  1  acre;  harrowed  three  times.  Season  was  very  dry,  but  the  seed  lived 
through  and  the  ground  has  a  good  stand.  In  fact,  I  am  the  only  one  who 
has  a  good  stand.     People  told  me  the  soil  was  too  poor  for  anything. 

Marcus.  I.  T.  Peterson. — More  than  doubled  the  yield  of  the  clover.  Seed  was 
all  sown  on  a  uniform  soil,  and  at  the  same  time,  side  by  side,  inoculated  and 
not  inoculated. 

West  Virginia,  Elkins.  John  B.  White. — Inoculation  good.  Moistened  6  gallons 
of  clover  seed  with  the  inoculating  material,  80we<l  with  oata  on  5  acres. 
Nodule  formation  on  clover  roots  very  good.  Vei*}'^  good  stand  of  clover  on 
ground.     Have  sowed  clover  on  same  ground  previously  with  poor  results. 

Wisconsin,  Iron  River.  Joseph  Yerden. — I  had  nowed  clover  on  same  land  two 
years  in  succession  and  could  not  get  a  catch.  I  used  the  inoculating  bacteria 
that  you  sent  me  and  have  a  fine  stand  of  clover. 

Nova  Scotia,  Halifax.  Arthur  P.  Silver. — The  clover  has  grown  remarkably  strong. 
The  roots  are  full  of  little  white  nodules,  which  appear  to  be  absent  in  roots 
dug  up  in  other  parts  of  farm.     Soil  was  a  run-out  pasture. 
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COWPEAS.  I 

Alabama,  Fruitdale.  George  W.  Dibble. — For  two  years  previous  to  this  year  I  hjd 
(aown  this  land  to  cowpeas.  The  stand  each  year  stood  about  12  inches  hifk 
I  was  not  able  to  find  any  nodules  on  the  roots.  This  year  with  the  inoculated 
seed  on  the  same  ground  the  peas  were  about  3  feet  high,  and  the  roots  were 
covered  with  nodules  from  the  size  of  a  pin  head  to  that  of  a  pea.  I  am  well 
pleased  with  the  result 

Muscadine.  C.  11.  Koentz. — Healthier  growth  of  vines  and  increase  of  seed  po*ls 
of  from  16  to  25  per  cent.  The  effect  of  inoculation  was  plainly  visible  on  po.r 
soil,  but  on  more  fertile  soil  the  difference  was  very  Blight. 

Pineapple.  F.  I.  Walthall.  —  Increased  crop  one-thinl,  notwithstanding  prf>- 
tracted  drought  and  lack  of  proper  cultivation. 

StocMale.    J.  L.  Stockdale. — Increase  of  yield  about  200  per  cent.    A  very  good 
crop  of  pea-vine  hay. 
Florida,  j-lt'onpar^.    John  Lancashire. — Result  of  inoculation  good.    Ground  thickly 
covered  with  running  vines  from  10  to  12  feet  long.     Did  not  harvest;  want  to 
improve  soil.     Could  not  get  any  crop  for  two  years  previous. 

De  Land.  A.  Cosner. — Inoculation  good.  Cut  for  hay;  produced  double  the 
amount  of  those  not  inoculated. 

Hanson.  O.  C.  Gramling. — Peas  came  up;  two-thirds  stand  made  moderate  vine 
and  leaf  and  fruited  fairly  well.  Drought  cut  the  crop  one-half,  though  I  gath- 
ered at  the  rate  of  5  bushels  per  acre  on  land  that  would  not  yield  one  bnahel 
per  acre  last  year. 

Jacksonville.  Millard  F.  Webster. — A  strong  bush  and  heavy  yield  of  peas  on 
part  of  field  inoculated;  not  enough  peas  to  pay  to  harvest  on  part  of  field  not 
treated.  Have  planted  peas  on  same  land  twice  before;  each  time  a  very  small 
crop. 

Pensacola,  Geo.  W.  Howes. — Result  of  inoculation  good.  I  planted  as  a  ferti- 
lizer on  poor  sandy  black-jack  land  and  got  a  third  better  results  without 
manure,  but  inoculated,  than  on  the  same  land  with  cotton-seed  meal  as  a  fer- 
tilizer. 

West  Polmheach.  G.  W.  Idner. — On  part  of  land  more  than  100  per  cent  differ- 
ence; on  other  dry  land,  50  per  cent.  There  is  no  doubt  but  it  will  pay  all 
planters  to  use  the  culture. 

Georgia,  Athens.    H.  B.  Mitchell. — Increase  of  seed  fourfold.    Vines  were  small,    i 
owing  to  severe  drought  extending  from  middle  of  August  to  November  2.  It 
paid  well.    Will  want  more  next  spring. 

Bluffton.  P.  H.  Thompson. — Inoculation  of  peas  with  bacteria  sent  to  me,  and 
others  at  my  request,  was  quite  satisfactory.  Yield  nearly  double  that  of  cow- 
peas  planted  under  same  conditions  without  inoculation. 

Columbus.  C.  B.  Gibson. — A  fair  crop  without  fertilizer  on  land  that  did  not 
grow  weeds  10  inches  high.     Peas  not  inoculated  did  nothing. 

Conngton.  John  A.  Porter. — The  peas  were  planted  in  drills  and  on  sandy  land, 
and  until  the  drought  they  showed  a  marked  improvement  over  adjoining 
land  with  150  pounds  a<:id  to  the  acre.  The  severe  drought  in  this  section 
has  made  any  other  comparison  impossible. 

Macon.  A.  F.  Jones. — Mixed  the  culture  with  dirt  and  put  in  the  furrow  with 
the  seed.  The  land  was  very  poor  and  we  did  not  use  any  other  fertiliar. 
The  yield  was  three  or  four  times  as  large  where  the  bacteria  were  used.  i 
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Qeorg  I  a  — Continued . 

Konie.  Hamilton  Yancey. — The  growth  has  been  rank,  of  rich  dark  color  over 
the  entire  field  that  was  seeded.  A  difference  in  favor  of  the  inoculated  pea 
was  quite  noticeable.  My  neighbors  and  friends  who  have  seen  the  field 
insist  that  the  field  is  seeded  with  a  different  kind  of  pea.  I  wish  to  express 
to  you  my  satisfaction  and  gratification  with  the  experiment.  I  believe  the 
work  you  are  doing  is  of  inestimable  value  to  the  farmers  of  our  country  in 
the  future  redemption  and  improvement  of  our  lands. 

Stiison.  L.  P.  Garrick. — Planted  on  rich  land,  no  good  was  perceptible;  planted 
on  rather  poor,  sandy  land,  the  result  was  yield  trebled. 

Stone  Mountain.  Arthur  B.  Kellogg. — It  is  with  pleasure  that  I  can  report  a 
marvelous  growth  of  the  cowpeas  which  I  inoculated  with  your  bacteria  last 
spring.  The  comparison  between  the  inoculated  and  uninoculated  peas  is 
moet  pronounced,  I  should  say  a  difference  of  50  per  cent. 

Illinois,  Mount  Vernon.  £.  M.  Dana. — Sowed  in  orchard.  Each  alternate  space 
inoculated  shows  a  great  difference  in  rankness  of  growth  over  uninoculated^ 
especially  on  yellow  soil  badly  worn. 

• 

Indiana,  J/i/an,  James  Tribbey. — Cut  for  hay.  Estimated  difference  betw^een  inocu- 
lated and  uninoculated  300  per  cent  in  amount  of  vines,  hay,  etc.,  in  favor  of 
inoculated.    No  difference  in  amount  of  peas. 

WUloughJby.  Louis  A.  Russell. — A  great  deal  more  vigorous  growth  and  healthic  r 
vines,  with  heavier  and  better  stand. 

Kansas,  WdlntU,  H.  C.  Coesten. — Inoculation  was  perfect  and  satisfactory.  Would 
prefer  this  method  of  inoculation  to  the  sowing  of  soil  from  field  to  field;  by 
the  latter  a  person  is  liable  to  transfer  plant  disease.  I  transplanted  the  leaf 
blight  to  my  field  a  few  years  ago  by  doing  so. 

Kentucky,  Logamport.  R.  M.  Humphreys. — Two  plots  same  size,  same  amount  of 
seed  sown,  with  same  conditions  all  round,  and  the  inoculated  plot  had  fine 
nodules,  while  the  other,  that  was  not  inoculated,  had  but  few. 

Newton.  C.  H.  Hatchett. — I  had  a  fine  yield  uf  pods  upon  ground  that  had  not 
grown  good  crops  for  many  years,  and  yield  of  vines  was  also  good. 

Winchester.  Dr.  M.  S.  Browne. — Estimated  weight  of  hay  increased  threefold 
or  more;  peas  fully  as  much  increased. 

Louisiana,  Cades.  C.  E.  Smedes. — Increased  the  nodules  75  per  cent  more  than 
peas  planted  next  to  them,  and  vines  were  more  luxuriant. 

Lafayette.  Ray  Fiero. — In  1903  I  sowed  peas  on  a  side  hill  and  the  peas  did  not 
grow  over  8  inches  high,  with  very  small  nodules.  This  year  the  inoculated, 
peas  sown  under  same  conditions  made  a  growth  at  least  four  times  as  great. 

iSH.  Martinville.  George  Lind. — Cowpeas  grew  well,  forming  nodules  in  plenty. 
I  consider  the  inoculation  a  success. 

Maryland,  Cfiaptico.  William  H.  Gardiner. — The  2  acres  inoculated  grew  twice  as 
large,  as  peas  were  more  prolific  than  uninoculated  part.  In  fact,  the  2  acres 
were  the  only  part  harvested.    The  rest  of  the  field  was  insignificant. 

MisBOURi,  MarionmUe.  U.  L.  Coleman. — Where  inoculation  was  used  the  peas  did  a 
great  deal  better  and  produced  fully  one-third  more.  I  found  few  nodules 
where  the  inoculation  was  not  used,  but  where  inoculation  was  used  the  roots 
were  literally  hanging  full  of  nodules,  some  as  large  as  peas.  I  8howe<l  sam- 
ples to  several  of  our  farmers,  and  they  all  stated  they  had  never  before  seen  as 
many  nodules  on  one  vine. 
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Missouri — Continued. 

Princeton.  Philip  C.  McDonald,  jr. — Produced  about  as  much  again  hay  witk 
the  inoculated  cowpeas  as  with  those  not  inoculated.  A  very  large  develq*- 
ment  of  nodules  on  the  roots. 

New  Jersey,  Metuchen.  Frank  M.  Moore. — Inoculated  peas  grew  rapidly;  lar^e 
leaves  and  heavy.  Uninoculated  check  rows  w^ere  decidedly  poorer  in  grovth 
and  texture. 

New  York,  StanfordvUle,  Albert  iCnapp. — This  seed  was  sown  in  drills  on  worn-out 
land  that  has  been  producing  very  little  for  a  number  of  years.  I  had  a  verr 
fine  growth  of  vines,  with  plenty  of  nodules  on  roots. 

North  Carolina,  AshevUle.  Fred  Kent — Inoculation  very  good.  Am  only  a  book 
farmer;  can  not  give  exact  figures.  Farmers  in  the  neighborhood  Mrish  to 
know  how  such  peas  were  grown,  as  theirs  were  failures. 

Lavmdale.  F.  Y.  Hicks. — Rank  growth  2\  feet  high  on  land  that  did  not  make 
peas  before.     Well  pleased  ^dth  the  result. 

Oklahoma,  Crescent,  C.  B.  Fail. — ^The  inoculation  was  perfect.  The  crop  of  pe« 
and  hay  was  about  double  that  that  was  not  treated.  Am  well  pleased  with 
results  obtained. 

Crescent,  A.  W.  Sanderson. — Seed  was  planted  on  level  and  given  only  one  cul- 
tivation. Result  was  an  enormous  growth  of  vines  and  about  50  per  ceot 
increase  in  grain  over  same  crop  and  cultivation  last  year.  Think  the  nodole 
formation  will  greatly  help  soil. 

McCloud.  Jesse  Heam. — Rapid  growth;  quick,  development;  20  per  cent  increase 
in  yield.     Roots  full  of  nodules.     Land  in  fine  shape  for  next  crop. 

Pennsylvania,  Jfart^oitn.  J.  T.  Campbell. — Where  soil  was  inoculated  the  resuU 
was  marvelous,  four  times  as  great  as  where  there  was  no  inoculation.  Nod- 
ules one-half  inch  in  diameter. 

Manheim.  S.  R.  Kissley. — The  plot  in  cowpeas  was  just  double  over  the  plc<t 
that  had  not  been  treated. 

Wilkinshurg.  R.  G.  Atkinson. — Season  very  unfavorable,  yet  the  inoculated  seed 
came  to  nearly  a  perfect  stand,  more  robust  and  quicker  growth.  The  differ- 
ence was  quite  marked.     The  method  is  evidently  a  success. 

South  Carolina,  Aiken.  Miss  Louise  P.  Ford. — On  1  acre  we  planted  cowpeas 
broadcast.  On  one  half  of  this  acre  we  planted  one-half  bushel  of  inoculated 
cowpeas,  on  the  other  half  acre  we  planted  one-half  bushel  of  uninoculated 
cowpeas,  i)lowing  them  both  in  just  the  same  way.  About  the  middle  of  June, 
when  harvested,  we  gathered  1,375  pounds  of  hay  from  the  inoculated  hall 
acre;  from  the  uninoculated  half  acre  we  gathered  750  pounds.  The  land  is 
known  as  poor  sandy  soil,  and  we  did  not  enrich.  This  is  the  result  of 
Miss  Pellew's  and  my  experiment  on  Twin  Flower  farm.  (A  fuller  account 
of  the  above  exi)eriment  appeared  in  the  Aiken  (S.  C.)  Recorder  of  October  6, 
1904.) 

Aiken.  G.  L.  Toole. — The  land  selected  for  planting  was  very  poor  sandy  land. 
The  crop  has  not  been  harvested  yet  (October  10).  Peaa  planted  on  the  same 
land  last  year  failed  to  make  any  peas  at  all.  The  peas  this  year,  after  being 
treated  with  bacteria,  are  very  fine.  They  grew  off  like  they  had  been  highlf 
manured,  but  were  not.  The  yield  will  be  increased  fully  75  per  cent  The 
vines  are  full  of  ripe  peas.     They  bore  well  in  spite  of  the  long  drought. 
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South   Oabolina — Continued. 

Albion,  J.  E.  Stevenson. — Yield  of  peas  increased  about  100  per  cent.  Number 
of  tubercles  on  roots  considerably  increased. 

Oolumbia.  Ralph  Osborn. — Sown  broadcast  for  hay.  Cut  and  hauled  in  8  tons 
of  cured  hay  off  the  4  acres.  The  tubercles  were  plentiful  and  large,  very 
satisfactory.  That  sown  May  30  made  as  good  hay  as  quick  as  that  sown 
earlier.  Everyone  who  saw  it  said  it  was  the  best  piece  of  cowpeas  they  had 
seen  about  here. 

Orangeburg,  F.  M.  Kast. — I  tried  the  inoculated  by  side  of  stable  compost  and 
^ill  say  that  it  was  just  as  good  as  those  fertilized  with  compost.  I  am  well 
pleased  with  results. 

Sandyrun.  Charles  G.  Sonntag. — Increase  30  per  cent,  nodules  prominent,  vine 
l^rowth  doubled.  Planted  on  8and.y  loam  and  clay  subsoil,  6  acres;  2  acres 
not  inoculated,  no  signs  of  nodules  on  them. 

Sharon.  W.  T.  Feemster. — I  harvested  twice  the  amount  of  peas  that  I  had  ever 
harvested  on  the  same  land.     I  should  like  to  try  more  of  it  next  year. 

IVoy.  H.  B.  Blakely. — Inoculated  vines  weighed  three  times  as  much  as  those 
treated  the  same  way  on  same  soil  not  inoculated.  Results  interested  many 
of  our  people. 

TsNXESSEE,  Gtandnew,  M.  L.  Abbott. — Owing  to  circumstances  crop  was  not  saved 
for  fodder,  but  those  w^ho  were  familiar  with  ground  estimated  it  double,  both 
peas  and  fodder,  that  on  same  ground  in  former  years.  Roots  loaded  with 
nitrogenous  matter  as  never  before. 

Ripleij.  M.  M.  Lindsay. — Five  times  as  much  vine  and  leaves  and  two  times 
as  much  peas  as  planted  on  same  land  without  inoculation.  There  can  be 
absolutely  no  doubt  that  above  results  are  due  to  inoculating  seed. 

Tbxas,  Bryan,  J,  Webb  Howell. — Increase*!  yield  fully  33i  per  cent.  I  believe 
inoculation  is  a  good  thing. 

Morales.  T.  J.  Nolen. — A  probable  increase  of  10  per  cent  over  noninoculated 
seed.     Owing  to  harvesting  with  swine,  I  can  not  be  exact  about  results. 

ViBoiNiA,  Ashiand.  J.  P.  Wightman. — Seed  inoculateil  very  fine;  balance  of  growth 
small.  Nodules  very  large  and  in  great  numbers.  Season  very  unfavorable 
for  peas. 

Cedon.  Robt.  B.  Taylor. — I  planted  the  peas  in  rows  3  feet  apart,  cultivated 
them  twice,  and  I  found  very  decided  benefit.  I  left  out  two  long  rows  with- 
out inoculation,  and  the  results  could  be  plainly  seen  all  through  the  season 
and  also  at  harvest;  a  revolution  and  a  revelation. 

Danville.  T.  L.  Smith. — The  pea  vines  were  the  finest  I  ever  saw.  I  measured 
some  vines  12  to  15  feet  long.  I  made  three  times  as  much  .hay  to  the  same 
quantity  of  seed  as  I  ever  made.     I  am  pleased. 

Ionia,  R.  Dewsbury. — Had  peas  on  same  ground  as  last  year;  were  more  tlian 
twice  as  good  and  no  help  given.  Last  year  had  no  nodules,  this  year  had. 
Something  increased  the  yield  of  peas  and  vines  100  per  cent. 

Petersburg.  Duncan  Wright. — Very  satisfactory.  Am  unable  to  state  exact 
amount  of  increase;  think  gain  of  one-third.  Had  peas  on  same  land  last  year 
when  there  was  no  nodule  formation  on  roots;  this  year  on  almost  all. 

Greenhay.  Delbert  Haase. — Forty-five  per  cent  better  in  the  amount  of  nodules 
in  test  of  separate  fields.    I  was  well  pleased  with  the  result. 

Simplicity.  Mrs.  Rose  Fisher. — All  the  roots  simply  loaded  with  nodules.  A 
piece  of  cowpeas  on  an  adjoining  field,  not  treated,  had  about  one-half  as  many. 
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California,  Mesa  Grande.  Morgan  R.  Watkine. — The  peas  were  planted  in  the 
poorest  soil,  scarcely  good  enough  for  grapevines,  little  rain  fell,  as  the  jemi 
was  a  dry  one.  The  vines  were  not  more  than  1  foot  high,  yet  I  gatheretl  an 
abundance  of  the  sweetest,  tenderest  pods.  Peas  not  inoculated  amomite*!  to 
nothing.     The  same  results  were  noted  in  the  black-eyed  peas. 

Nellie.  T.  O.  Bailey. — Result  of  inoculation  good,  100  per  cent  better  than  thu^ 
not  inoculated.     Crop  was  used  green. 

Florida,  SaiiU  Petersburg.  S.  8.  Stults. — Most  excellent.  Compared  with  vrhat  we 
usually  get  from  same  soil  and  same  treatment,  I  got  four  times  as  many  peas 
as  we  do  without  the  microbes. 

Illinois,  Tamaroa.  W.  J.  Appel. — Owing  to  the  wet  weather  this  spring,  conld  nt< 
get  seed  in  as  early  as  I  would  have  liked  to  do,  but  result  was  very  Batighto 
tory  and  increased  crop  by  about  40  per  cent  over  the  same  ground  where 
bacteria  was  not  used. 

Wichert.  P.  A.  Bonvallet. — A  complete  succ^ess;  crop  about  doubled  on  gn^oihl 
where  peas  were  never  planted  before. 

Maine,  Lincoln  Center.  C.  A.  Brown. — Crop  about  double  what  I  got  on  seed  not 
inoculated.     The  stuff  is  worth  a  good  deal  for  peas  on  my  soil. 

Mount  Vernon.  Thos.  S.  Hawkins. — The  crop  of  peas  was  better  than  usual,  but 
the  effect  was  not  so  marked  as  in  the  case  of  the  beans;  the  latter  was  phe- 
nomenal. 

Massachusetts,  Boston.  Jesse  M.  Gore.  The  pods  were  larger,  fuller,  sweeter,  and 
two  weeks  earlier  than  peas  planted  at  the  same  time  and  under  similar  con- 
ditions with  the  exception  of  the  inoculation. 

Canton.  A.  L.  Mayo. — I  can  only  say  that  the  farmer  says  the  peas  treated  with 
the  solution  overtook  in  growth  the  planting  three  weeks  in  advance,  and 
both  crops  were  ready  for  use  at  thesame  time. 

Florence.  Frank  H.  Graves. — Picked  43  quarts  of  green  peas  in  the  pod.  Vin« 
grew  from  7  to  9  feet  high,  and  continued  in  bearing  for  nearly  one  month. 
Very  successful.     Remarkable  growth  of  vines  and  heavy  crop  of  pods. 

Sandwich.  George  H.  Credeford. — Planted  two  double  rows  about  1  rod  long: 
gatheretl  three  times  enough  for  a  family  of  four,  in  all  about  1}  peeks.  From 
same  soil  and  amount  of  seed  gathered  only  about  one-half  peck  last  year 
without  inoculation. 

MicHKiAN,  Pelhton.  H.  L.  Millspaugh. — We  planted  four  rows  of  each  seed  each 
way;  that  is,  four  using  inoculation  and  four  without  it,  harvesting  the  peas 
as  a  green  table  crop.  The  results  were  very  flattering  to  the  use  of  the  inocu- 
lating material — fully  double  yield. 

New  Hampshire,  Franconia.  L.  F.  Noble. — There  were  bacteria  bulbs  everywhere 
more  than  an  inch  through.  It  was  wonderful  and  it  filled  me  with  hope  for 
the  future. 

New  Jersey,  Chatham.  W.  H.  Meyer. — Seed  germinated  somewhat  sooner  than 
those  uninoculated.     I  recommend  it  to  anyone  to  use  in  place  of  bone  dust 

New  York,  Clay.  Mrs.  Arthur  Hall. — Entirely  successful.  Yield  wonderful.  Cul- 
ture applied  to  earth  and  sprinkled  along  pea  rows.  The  soil  now  seems  li^^ 
sandy  loam,  whereas  it  was  the  heaviest  of  clay  before.  Celery  following  peas 
is  very  fine. 
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Bw  York — Continued. 

Kingston.  Mrs.  Clara  N.  Reed. — ^Three  crops  from  one  set  of  vines,  each  crop 
very  full  and  almost  double  usual  crop  in  quantity.  The  inoculation  has  made 
worn-out  soil  very  j)roductive. 

Sorihuxfod.  John  R.  Si)ear8. — The  tall  vine  (3  feet  high)  was  cut  from  a  row  that 
was  treated  with  the  culture  of  nitrogen -gathering  germs.  This  sample  fairly 
represents  the  growth  of  all  the  rows  thus  treated.  The  short  vine  (14  inches 
high)  was  cut  from  the  row  of  vines  not  treated  with  the  culture.  It  was  the 
best  vine  among  those  untreated.  The  rows  were  4  feet  apart  and  the  distance 
between  the  two  plants  was  alwut  7  feet.  If  you  recall  that  the  seed  was  the 
Dwarf  Alaska,  the  large  vine  will  seem  rather  remarkable,  I  think.  The 
no<iuleH  are  particularly  well  worth  observing.  On  July  3,  I  made  the  first 
picking  from  the  plot.  On  53  untreate<l  vines,  taken  as  they  came,  I  found  102 
po*ls;  on  53  treated  vines,  taken  as  they  came  in  the  next  row,  I  found  856 
pods.  The  first  picking  well-nigh  stripped  the  untreated  row;  the  treated  vines 
have  yi^ded  two  goo<l  pickings  since,  and  still  another  is  now  filling  out. 
Vines  first  api)eared  above  the  ground  on  May  17,  and  they  had  reached  a 
height  of  from  2  to  3  inches  on  June  1.  The  plot  was  then  of  uniform  aj^pear- 
ance  as  to  the  thrift  of  the  vines.  On  June  1,  I  watered  all  the  vines  in  the 
plot,  except  one  row,  with  a  solution  or  culture  of  those  germs,  made  according 
to  accomjianying  directions,  and  raked  fine  dry  soil  over  the  ground  thus  mois- 
tened. Since  that  date  all  the  rows  have  been  cultivated  enough  to  keep  the 
8urfat*e  soil  fine  and  free  of  weeds  and  grass,  and  all  have  been  treated  alike 
in  every  particular.  No  fertilizer  of  any  kind  has  been  applied  to  any  of  the 
rows  at  any  time  before  or  since  planting.  The  quality  of  the  soil  is  uniform 
throughout  the  plot.  The  soil  itself  could  have  had  no  influence  in  pnKlucing 
the  extraordinary  difference  in  vine  growth  shown  herewith.  (See  Plate  X. ) 
If  I  seem  to  be  burdening  you  with  details,  I  must  urge  as  an  excuse  the  extra- 
ordinary interest  excited  by  the  wonderful  success  attained  by  the  use  of  the 
nitrogen-fixing  germs. 

Scott9ville.  Frank  Kingsbury. — In  light  sand,  soil  very  poor.  The  roots  were 
covered  with  nodules,  the  vines  a  good  color,  the  yield  good.  The  nitrogen- 
fixing  bacteria  are  certainly  a  success. 

Pennsylvania,  Bryn  Athya.  Mrs.  J.  A.  Wells. — On  April  14,  I  planted  three  kinds  of 
peas.  They  came  up  well,  but  did  not  grow  rapidly.  I  had  inoculated  the 
seed  according  to  directions.  On  May  14,  a  neighbor,  having  obtained  a  culture 
for  ))eas,  spared  some  for  me.  I  inoculated  more  seed  and  planteii  them ;  then 
having  some  of  the  liquid  left,  I  added  water  at  the  rate  of  one-half  pint  to  2 
gallons  of  water,  and  having  hoed  the  soil  away  a  little  from  the  roots  of  the 
previous  p^.anting  of  peas  (now  4  or  5  inches  high),  I  watered  them  with  the 
diluted  culture  and  hoed  the  soil  back.  Well,  now  the  watered  planting  of 
peas  is  a  sight — tall,  luxuriant  plants  covered  with  fine  pods.  They  are  the 
admiration  of  the  neighborhood.  The  later  planting  that  was  inoculated  but 
not  watered  with  the  culture  is  doing  better  than  any  peas  I  have  had  hereto- 
fore, but  not  nearly  so  well  as  the  ones  that  were  watered  after  they  were  up. 

[Laier  report  ] — Four  bushels  of  fine,  well-filled  pods  were  gathered.  Hitherto 
our  soil  would  not  produce  peas  to  amount  to  anything.  My  next-door  neigh- 
bor has  soil  exactly  similar  to  ours  and  manured  it  more  heavily.  He  used 
the  same  seed  as  I  did,  but  my  peas  were  decidedly  finer. 

Danville.  Mrs.  G.  P.  West. — A  good  crop  where  heretofore  they  barely  gave 
seed;  good  size,  a  good  growth  of  vine.     It  is  a  great  thing  for  the  farmer. 
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Pennsylvania — Continued. 

Erie.  J.  M.  Grordon. — Planted  «  pint  of  inoculated  peas  on  Ajh^'1  28  in  groeafl 
that  had  not  been  fertilized.  At  the  same  time  we  planted  as  much  moreia 
ground  that  had  been  well  manured.  The  crops  from  each  were  about  eqtalj 
After  the  vines  had  been  pulled  up  we  planted  some  string  beans  in  the  saai 
ground  and  are  now  enjoying  the  result,  the  vines  being  as  prolific  as  if  xhet 
were  the  first  crop  of  the  season. 

Philadelphia.     Louis  Costa. — Result  a  good  third  better  than  other  years 
same  space  planted. 

Philadelphia.  S.  N.  Lowry. — Vines  yielded  once  and  a  half  the  crop  yielded  bf 
vines  from  ground  not  inoculated  but  which  was  manured.  The  vines  horn 
inoculated  seed  yielded  full  pods  and  the  peas  and  beans  were  lai^r  titi^ 
those  from  untreated  seed. 


^ 


TUuscille.  Geo.  L.  Benton. — I  tried  it  on  peas  and  it  was  eminently 
Where  I  got  no  peas  last  year  I  had  an  abundant  crop  after  using  your  badrni 
mixture,  and  I  never  had  such  a  crop  of  peas.  I  think  your  discovery  vctJ 
valuable,  and  I  thank  you  for  sending  the  sample  to  me. 

WeHc?i£jtter.  Edw.  H.  Jacob. — Inoculated  peas  fully  matujaed  by  October  1; 
nninoculated  did  not  flower  at  all.  On  September  15,  1904,  inoculated  pen 
were  18  inches  high,  nninoculated  8  inches  high.  Planting  was  late,  bat  eho«« 
big  returns  by  inoculation.     (Date  of  planting,  August  15.) 

Rhode  Island,  Chepachel.  Henry  Parsons. — Should  think  the  result  of  inocolatkai 
to  be  a  benefit  amounting  to  about  50  per  cent.  Can  not  give  result  in  figwe^ 
as  the  most  of  the  peas  were  picked  green. 

South  Carolina,  Gaffney.  Jeremiah  Gardner. — My  peas  were  better  than  the  pestf 
of  others  who  used  commercial  fertilizer,  ripened  early  and  evenly,  drcom- 
stances  unfavorable.     I  consider  inoculation  a  boon  to  agriculture. 

South  Dakota,  Lead.  A.  L.  Read. — Sowed  on  yellow  clay.  Had  great  difficulty  t» 
loosen  the  ground  enough  to  cover  the  seed.  Impossible  to  cultivate.  Hai^ 
vested  about  17  gallons  of  peas  of  well-filled  podB.  On  piece  of  ground  same 
size,  seed  not  inoculated,  harvested  less  than  one-half  gallon  of  peas. 

Washington,  Juamta.     W.  B.  Wittenmeyer. — Planted  on  unfertilized  ground.     Vine! 
from  2  to  5  feet  high  and  the  crop  was  at  least  100  per  cent  greater  than  the 
same  kind  of  pea  planted  at  the  same  time  not  inoculated. 
White  Salmon.    W.  O.  Cox. — Inoculation  a  great  benefit.     Crop  about  douhl* 
what  it  would  be  without  it. 

Wisconsin,  JanemUe.  J.  T.  Fitch ett. — Plants  were  stronger,  blossomed  two  week* 
earlier,  stood  dry  weather  Ijetter,  and  matured  more  peas  than  plants  not  so 
treated.  In  addition,  I  inoculated  seed  for  four  other  parties,  i^equesting  them 
to  report  to  me.  One  man  reports  50  per  cent  better  yield.  His  soil  was  pi*>r, 
and  the  bacteria  showed  more  effectively  by  contrast.  A  market  gardener 
reports  a  larger  yield  than  from  similar  seed  not  treated;  but  to  him  the  best 
feature  was  earlier  maturity  by  two  weeks.  All  report  favorably,  those  plant- 
ing on  poor  soil  reporting  the  largest  increase. 

Kevjaunee.  Thos.  Zahorik. — Thrashed  from  1  bushel  of  treated  seed  19  bnsbek 
From  the  other  peas  I  only  thrashed  11  bushels. 

Marinette.  George  R.  Hawkins. — They  were  twice  as  full  as  thoee  not  inocu- 
lated. Sandy  loam.  Most  of  them  use<l  green.  The  nodules  were  wrt 
plentiful  on  roots. 
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^iscojcaiN— Continued. 

Sisier  Bay.  Adolph  Soderburg. — There  were  more  pods  on  the  vines  that  were 
treated.  About  3  bushels  more  peas  to  the  acre  on  those  4hat  were  treated 
than  those  that  were  not.  There  were  twice  as  many  nodule  formations  on 
roots  from  the  treated  seed. 

BEANS. 

Alabama,  FruUdale.  George  W.  Dibble. — When  the  crop  was  ready  for  market  the 
beans  were  picked  from  both  plots.  The  plot  that  was  inoculated  kept  grow- 
ing and  bearing  fruit;  on  the  other  plot  they  drie<l  up.  When  the  l)eans  w^ere 
gathered  the  yield  on  the  inoculated  plot  was  more  than  double  that  of  the 
other. 

California,  Nellie.  T.  O.  Bailey. — Result  of  inoculation  good,  75  per  cent  better 
than  those  not  inoculated.     Inoculated  did  not  mildew,  others  did.    . 

Coix>RAix),  Arvada.  A.  B.  Cole. — Planted  3  acres  adjoining  2  acres  uninoculated. 
The  inoculated  beans  produced  one-fifth  more  to  the  acre  than  adjoining. 

Illinois,  Chicago.  Stuart  S.  Crippen. — Yield  of  beans  w^as  one-third  above  average, 
and  product  unexcelled  in  size  and  flavor  for  table  use.  Seed  beans  are  con- 
siderably larger  than  parent  beans. 

Rossville:  I.  A.  Smothers. — While  I  did  not  plant  any  untreated  seed,  I  can  say 
that  the  yield  w^as  surprisingly  great,  a  matter  of  remark  by  everyone  seeing 
them. 

Kansas,  Ford.  R.  L.  Wilson. — Result  of  inoculation  decidedly  good;  ground  inoc- 
ulation did  a  great  deal  the  best. 

Massachusetts,  Botlon.  Edw.  W.  Greene. — ^The  beans  seemed  to  grow  a  third 
faster,  to  be  in  condition  to  use  some  time  earlier,  and  to  give  me  at  least  one- 
fourth  more  beans. 

Cambridge.  L.  D.  Evans.  —The  beans  and  peas  that  I  put  in  early  in  the  sum- 
mer have  grown  marvelously  well,  and  in  soil  that  did  not  seem  sufficiently 
fertile  to  raise  anything  but  tin  cans  and  rubbish. 

MiddlehoTO,  Fred  A.  Orcutt. — I  planted  the  same  seed  and  the  same  amount  upon 
the  same  ground  with  the  culture  that  1  did  without,  and  the  beans  that  were 
treated  have  done  much  better  in  every  way  than  those  that  were  not. 

North  Falmouth.  Ella  M.  Donkin. — The  beans  were  the  admiration  of  all  who 
saw  them,  and  I  invited  all  whom  I  could  interest  in  them  to  see  them.  I  had 
planted  in  another  part'of  the  same  garden  beans  which,  although  supplied 
with  fertilizer,  did  not  amount  to  anything,  and  I  decided  to  try  the  bacteria 
oiiganisms,  even  if  it  were  late  in  the  season  for  planting.  I  planted  them  July 
14,  and  early  in  September  we  had  fine  string  l>eans  to  use.  The  pods  were 
large  and  of  excellent  quality.  They  continued  to  bear  until  an  early  fn)j«t 
killed  the  vines.  *  *  *  We  examined  the  roots  in  different  stage-s  and 
found  the  nodules  well  developed. 

Pike.  H.  E.  Howard. — Darker  green  throughout  season  wnthout  fertilizer  than 
.uninoculated  with  fertilizer.  Gave  as  good  results  as  fertilized  portion,  ripen- 
ing about  as  early. 

Michigan,  Brinton.  B.  B.  Stevens. — Plants  more  vigorous  and  better  podded. 
Estimated  increase  of  yield  not  less  than  25  per  cent.  Am  well  pleased  with 
the  experiment. 

Saugatuck.  F.  M.  Kreusch. — I  gathered  the  beans  about  September  20;  have 
only  thrashed  part  of  them,  but  I  am  sure  I  will  have  five  times  as  many  as 
last  year  on  the  same  ground.     I  think  it  is  immense. 
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New  Hampshire,  Penacook,   J.  M.  Masson. — Beans  were  exceptionally  good— at 

20  per  cent  over  last  year  on  same  ground.    This  increase  I  attribate  lc»  tbe 
inoculation. 

New  York,  Jasper.     H.  W.  Smith. — Those  inoculated  yielded  sixty  fold.    Those 

inoculated  yielded  about  fiftyfold  on  the  same  kind  of  soil  with  samecar^. 
The  beans  inoculated  are  one-third  larger. 

Kingston.  Mrs.  Clara  N.  Reed. — Pods  very  full  of  lai^  beans.  Some  vin«  had 
a  second  crop.  The  inoculation  has  greatly  enriched  the  soil,  ««o  that  it  is 
much  l)etter  to  use  for  other  v^etables. 

Penn  Yan.  John  D.  Buckley. — The  ground  was  on  a  side  hill,  gravelly  and 
sandy,  and  had  been  practically  worked  out.  In  spite  of  this  and  insect  att«ck», 
I  had  the  best  piece  of  beans  I  ever  raised.  A  farmer  living  near  me  planted 
beans  twice  in  succession  on  the  same  land  and  I  helped  harvest  the  beans, 
but  they  were  hardly  worth  the  labor. 

Ohio,  Linden  Heights.  E.  B.  Champion  — Beans  yielded  fully  one-half  more  than 
untreated.  The  green  beans  carried  the  largest-sized  pods  I  ever  saw,  but  the 
vield  was  not  increased  so  enormouslv  as  in  the  case  of  the  wax  beans.  In 
this  case  the  increase  was  so  marked  as  to  cause  wonder  among  my  neighbor. 

Pennsylvania,  Cresson.  V.  P.  Banker. — ^On  ground  which  never  before  would  raise 
a  crop  of  beans  had  marvelous  crop  this  year,  the  heaviest  ever  raised  in  thi* 
locality.  Planted  seven  rows  in  middle  of  field  without  inoculating,  and  the 
old  conditions  prevailed. 

Lockhaven.  George  P.  8inger. — I  used  them  in  my  botany  and  nature-study 
classes  in  this  way.  I  furnished  each  student  with  a  number  of  pots  of  fine 
white  sand.  The  same  day  they  planted  beans  and  clover,  and  also  the  same 
kind  of  seeds  inoculated  with  the  bacteria.  Each  pot  was  exposed  to  the  same 
conditions  and  the  inoculated  compared  as  to  growth  with  the  uninoculated. 
There  was  no  especial  difference  in  germination,  but  when  the  plants  had  pot 
forth  their  first  leaves  the  ones  inoculated  l)egan  to  grow  much  faster  than 
their  neighbors.  It  was  not  long  until  they  were  twice  as  high,  and  while  the 
ordinary  seeds  produce<.i  plants  stunted  and  ill-nourished,  the  inoculated  seeds' 
in  many  cases  produced  a  large  bean  stalk  with  fully  developed  |x>ds  and  beans. 
The  clover  seed  showed  the  same  result.  Root  nodules  were  formed  in  great 
abundance.  A 11  in  all,  it  was  the  most  interesting  experiment  I  have  ever  tried 
in  my  classes,  and  it  aroused  a  great  deal  of  interest  in  the  students.  I  am 
confident  that  if  clover  and  beans  will  grow  as  they  did  for  us  in  sand  which 
was  quite  free  from  organic  matter,  your  nitrogen-fixing  Ijacteria  will  solve 
many  problems  for  the  intelligent  farmer. 

NortJieast.  John  Wheeler. — Result  of  inoculation  splendid.  Refugee  beans  for 
canning  factory.  One-third  acre  yielded  $50  to  $60  clear  profit.  I  think  it 
can  not  l^e  beat  by  use  of  fertilizer. 

Rhode  Island,  Kingston.  H.  J.  Wheeler,  director,  Rhode  Island  Agricultural  Ex- 
periment Station. — Concerning  tlie  wax  beans  and  green-podded  bush  he^ns, 
lx»th  are  continuing  to  show  very  striking  benefits  from  the  use  of  the  inocu- 
lating material,  so  much  so  that  I  think  it  would  be  a  very  important  matter, 
economically,  if  one  were  growing  them  on  a  lai^e  scale,  whether  the  land 
was  inoculated  or  not. 

Tennessee,  Jefferson  City.  J.  Porter  Corbett.— Difference  from  one-fourth  to  one- 
half  in  favor  of  inoculation. 

Vermont,  Middlehury.  J.  E.  Sperry. — Gain  from  inoculation  11  bushels  per  acre  over 
seed  not  treated,  planted  side  by  side.  There  is  no  doubt  but  that  it  is  a  great 
help. 
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ASHixoTON,  Juanila.  W.  B.  Wittenmeyer. — Inoculate<l  beans  at  leaat  100  per  cent 
better  than  uninoculated  on  game  soil.  Very  sandy  soil  and  quite  dry  this 
l&st  season. 

lacoNsiN,  Marinette.  George  R.  Hawkins. — Produced  fully  100  per  cent  above 
those  not  inoculated.     Clean  and  well-formed;  no  rust. 

SOY   BEANH. 

LABAMA,  Rash.  W.  W.  Lee. — All  inoculated  but  six  rows.  Inoculated  began 
showing  result  of  inoculation  in  a  few  days  after  they  came  up,  and  harvested 
50  per  cent  more  than  the  other. 

EOROiAy  Gainesville.    John  E.  Miller. — The  soy-bean  inoculation  I  got  last  spring 

was  a  complete  success.     I  planted  10  or  12  acres  on  an  old  barren  field,  and 

they  are  from  12  to  36  inches  high,  and  have  not  found  a  single  one  that  was 

^  not  inoculated,  one  with  tul^ercles  26  inches  from  the  base.     I  think'  your 

I>epartment  a  great  help  to  the  farmers. 

[awaii,  yapoopoo,  Gordon  Glore. — Inoculation  successful.  Increased  growth  of 
plant  and  abundance  of  root  nodules. 

Iextucky,  Winchester.  Dr.  M.  S.  Browne. — Twelve  thousand  ^ve  hundred  pounds 
dried  hay,  ready  for  storing,  per  acre;  ground  where  seeds  were  not  inoculated 
at  rate  of  1,500  pounds  cured  hay  per  acre.  Soil,  medmm  hluegrass  sod. 
Noninoculated  a  failure;  inoculated,  wonderful  crop.  Date  of  planting,  April 
15;  date  of  harvesting,  July  25. 

iARYLAND,  Bynum.  Wilmer  P.  Hoopes. — Our  soy  beans,  drilled  in  with  corn  in 
rows  3 J  feet  apart,  the  whole  crop  making  about  20  tons  of  silage  per  acre. 
The  beans  just  covered  the  space  between  rows  and  yielded  at  least  2  tons  per 
acre.  The  roots  were  just  covered  with  nodules. 
SmUhsburg.  C.  M.  Leiter. — (irowth  strong,  possibly  one-fourth  more  vine  than 
where  not  inoculated. 

SlissocRi,  Marionville.  U.  L.  Coleman. — Where  inoculation  was  used  the  beans  did 
a  great  deal  better  and  produced  full  one-third  more  beans.  1  lound  no 
nodules  on  the  soy  beans  where  not  inoculated.     The  inoculation  was  a  success. 

North  Carolina,  Dome.  D.  L.  Clements. — The  lot  of  land  ( 1  acre )  inoculate<l  doubled 
in  yield  of  hay  the  lot  not  inoculated,  side  by  side  in  the  same  field  on  the  same 
kind  of  land.    The  growth  where  inoculated  was  very  luxuriant. 

Pennsylvania,  Guys  Mills.  William  Miller. — The  soy  beans  made  twice  the  growth 
of  former  trials.     I  think  the  inoculating  made  the  increase<l  growth. 

Tennessee,  Spring  City.  J.  M.  Thompson. — Large  tubercles  covered  all  the  roots, 
crop  of  stalks  and  leaves  very  heavy  gain,  10  bushels  per  acre.  Land  poor. 
I  consider  the  inoculation  a  perfect  success. 

Virginia,  Carysbrook.  C.  E.  Jones. — All  of  the  inoculate<i  hills  showe<l  an  abund- 
ance of  nodules,  while  only  a  total  of  four  were  found  on  the  uninoculated  ones, 
notwithstanding  the  proximity  of  the  inoculated  f^eed,  the  roots  of  both  plants 
often  interlacing.  One  row  inoculated  by  culture  and  one  by  soil  from  soy 
roots  having  numerous  no<lules  showed  an  etjual  num!)er  of  ncwlules;  the  check 
had  none.  I  find  that  the  roots  show  far  more  ncxlulcH  than  1  have  ever  seen 
before,  and  this  development  seems  more  excessive  on  the  poorer  parts  of  the 
field. 

Gloucester.  R.  M.  Janney. — I  di<l  not  weigh  the  hay,  V)ut  could  see  a  great 
improvement  over  the  uninoculated  seed  from  the  start,  and  got  double  the 
crop  in  the  harvesting. 

Oreenbtiy.  Delbert  Haase. — Thirty  per  cent  increase  in  nodules  over  that  which 
was  not  so  treated  by  actual  test  of  two  fields  sown  the  same  week.  The  crop 
of  the  treated  was  better  in  color  and  vield  on  thin  land. 
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Virginia — Continued. 

IngergolL  Charles  C.  Deissner. — Although  there  was  only  about  one-third  ri  i 
stand  on  account  of  poor  seed,  it  made  five  big  loads  of  elegant  hay.  The 
plants  were  over  3  feet  high  and  loaded  with  beans.  I  tried  1  acre  without 
bacteria.    They  were  not  near  as  good,  either  in  growth  or  in  yield  of  beaD& 

Ionia.  R.  Dewsbury. — Had  the  finest  crop  of  beans  I  ever  rused;  rather  pi)** 
ground  without  anything  to  help  to  enrich.  I  think  the  inoculation  helped 
wonderfully.     Nodules  large. 

'  Shnplicii!/.  Henry  Fisher. — About  80  per  cent  of  the  plants  contained  from  1  to 
20  nodules,  almost  invariablv  on  the  main  root.  No  sov  beans  had  e>-er  been 
planted  on  this  land  before. 

SimplicUy.  Mrs.  Rose  Fisher. — Nearly  all  plants  had  from  1  to  29  laige  nodule?, 
nearly  all  located  on  the  taproot  about  1  to  2  inches  in  the  ground.  An 
adjoining  field,  not  treated,  showed  but  very  few  nodules. 

HAIRT  VETCH. 

Alabama,  Tuskegee.  George  W.  Carver)  director,  Alabama  Agricultural  ExperimeDt 
Station. — The  inoculated  plot  grew  vigorously — in  fact,  made  an  enonnou? 
growth — and  made  7  bushels  of  seed  to  the  acre.  The  other  was  so  small  that 
I  did  not  thrash  it  out. 

Kenticky,  Trenton.  Phil.  E.  Bacon. — Used  vetch  material  with  best  results.  The 
growth  was  very  heavy  and  the  roots  as  full  of  nodules  as  any  illustration  I 
have  ever  seen,  some  clusters  fully  as  large  as  the  end  of  my  finger. 

Mississippi,  Aberdeen.  Isaac  H.  Hunt. — Inoculated  was  better  in  everj'  way  than 
the  untreated  seed.  We  are  very  much  encouraged  by  what  we  have  already 
seeded. 

MiHSOURi,  Rolla.  J.  A.  Foden. — We  have  a  splendid  stand.  Color  good,  and  alti*- 
gether  very  pleased  with  result. 

Nebraska,  Taylor.  Ray  G.  Hulburt. — Bloomed  three  weeks  earlier;  more  seed: 
larger  plants.  Oats  sowed  with  it  were  larger.  Roots  crowded  with  tubercitf. 
single  and  in  masses.  Sowed  too  close;  germs  spread  to  untreated  part  in 
July,  but  it  never  caught  up.    Some  plants  10}  feet  long. 

Nevada,  Skelton.  Jas.  H.  Campbell. — Best  I  have  ever  had.  Vetch  was  so  thick  I 
could  not  see  where  the  machine  cut. 

North  Carolina,  Staiesi-ille.  F.  T.  Meacham. — ^This  vetch  grew  to  a  height  of  ^ 
feet  in  some  places,  although,  not  having  sufficient  grain  crop  to  hold  it  up,  it 
fell  over  very  badly.     I  think  the  vetch  inoculation  a  great  success. 

New  York,  Butterfly.  J.  E.  Baker. — Fine  growth  on  very  poor  soil.  A  high,  dry, 
gravelly  knoll  grew  6  to  «  feet  and  a  mass  of  blossoms  and  pods.  Have  never 
succeeded  in  growing  anything  on  this  piece  before. 

Ohio,  Celina.  D.  Hellworth. — Nodules  are  very  abundant;  simply  wonderful.  1 
measured  a  stalk  to-day  7  feet  long,  besides  having  four  branches. 

Washington,  Seattle.  David  B.  Porter.— Last  fall  I  treated  winter  vetches  with  the 
solution  prepared  as  directed  and  planted  the  same  broadcast  over  a  small 
patch  of  ground  with  a  good  deal  of  clay,  some  blue  and  some  shot  clay.  On 
turning  the  ground  over  in  the  spring,  there  was  a  network  of  roots  forming  a 
thick  sod  about  8  or  10  inches  deep  and  very  heavily  charged  with  the  nitmgen 
,  nodules,  some  roots  having  as  many  as  40  or  50.  I  have  used  other  rotted 
vegetable  matter  with  this  to  form  a  humus  and  have  now  a  fine  friable  fioH 
which  yielded  very  heavily  this  year. 
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CViscoNsiN,  Germania.  C.  E.  Pierce. — ^The  benefit  was  very  plain,  promoting  a  rank 
growth,  adding  at  least  one-third  to  crop. 

Meadow  Valley.  C.  H.  Johnson. — Inoculation  successful.  Nodules  in  quite  large 
clusters  on  lower  fibers  of  the  roots,  more  scattering  near  the  surface.  Planted 
on  high  sandy  land. 

CKIM80N   CLOVER. 

SsL^JiBAUAf  Taskegee.  George  W.  Carver,  director,  Alabama  Agricultural  Experiment 
Station. — This  was  quite  noticeable,  that  on  the  adjoining  plot  the  stand  was 
just  as  good  as  on  the  inoculated  plot,  but  it  grew  very  poorly.  It  remained 
snail  and  yellow  throughout  the  season.  The  inoculated  plot  grew  fairly  well 
and  was  very  rank  and  green  in  color.  These  plots  were  treated  in  ever>'  way 
alike  except  in  the  matter  of  inoculation.  One  end  of  the  inoculated  plot  did 
not  get  any  of  the  inoculating  material  and  the  small  inferior  clover  was  very 
noticeable. 

Pekssyia- ANiA,  Belief onte.  James  A.  B.  Miller. — Fair  catch  on  thin  soil.  About  6 
inches  high.  Failure  on  same  soil  last  year  without  inoculation.  Seems  thrifty 
and  gives  every  promise  of  successful  catch. 

Joanna.  H.  £.  Plank. — It  is  a  satisfaction  to  inform  you  that  there  was  a  much 
greater  mass  of  fibrous  roots  on  the  plants  grown  from  the  seed  treated  with 
the  material  than  on  the  plants  from  the  untreated  seed.  The  nodule  forma- 
tions are  much  more  abundant  on  the  former  class  of  plants.  There  is  a  good 
stand  of  clover. 

Washington,  Spokane,  Henry  M.  Richards. — The  results  heretofore  with  the  same 
amount  of  seed  have  been  a  very  stunted  growth  and  scant  blooming.  The 
seed  prepared  with  the  inoculating  material  has  produced  a  most  luxuriant 
growth  and  a  perfect  mass  of  bloom,  an  improvement  so  great  that  it  is  difli- 
cult  to  descnbe. 

Wbst  Virginia,  Elm  Grove.  George  Fox. — Seed  inoculated  50  per  cent  superior  to 
the  seed  which  was  not  inoculated. 

SWEET  PEAS. 

Califobnia,  Los  Angeles.  W.  L.  Cleveland. — The  seeds  were  treated  in  accordance 
with  the  instructions  you  sent  nie,  and  then  planted  in  the  usual  manner.  The 
result  of  this  seeding  was  a  hedge  of  vines  that  grew  to  a  height  of  about  8  to  10 
feet,  covered  with  a  lot  of  fine  large  blossoms  that  were  the  delight  of  the  whole 
neighborhood.  Across  the  street,  and  treated  in  the  ordinary  way  with  the 
same  seed  that  I  furnished  them,  but  without  the  inoculation,  the  vines 
scarcely  grew  5  feet  and  the  flowers  were  small  and  few.  I  consider  the  thing 
a  success. 

Massachusetts,  Wed  Roxbury.  F.  G.  Floyd. — Plants  were  very  luxuriant  and  about  12 
feet  high.  Leaves  very  large  and  rotund;  flowers  very  large  and  of  fine  color. 
Plants  produced  several  doable  flowers,  i.  e.,  having  two  or  three  entire  or 
partially  formed  standards. 

New  Jbrsby,  Newark.  William  J.  Hesse. — The  crop  was  a  complete  success,  while 
other  growers  in  this  location  did  not  succeed  at  all.  While  I  have  no  record 
of  the  quantity  of  the  crop,  I  will  say  that  I  had  a  larger  crop,  better  blooms 
of  lasting  quality  than  any  other  grower  with  the  same  amount  of  ground 
planted.  I  had  two  awards  at  the  New  Jersey  Horticultural  Society  for  these 
same  blooms  in  June  and  July  at  Orange,  N.  J.,  and  I  know  that  had  it  not 
been  for  the  inoculating  of  the  seed  I  would  not  have  been  so  successful. 
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FIELD  PEAS. 

Maine,  Auburn,  G.  L.  Thomas. — The  product  oat  of  No.  1  strip  without  any  fertil- 
izer was  afi  much  as  out  of  No.  3  with  the  heavy  manuring.  In  other  word^r 
the  inoculating  culture  had  done  as  much  for  strip  No.  1  as  the  barnyard  dress- 
ing had  done  for  No.  3;  while  No.  2  (inoculated  and  manured)  had  produced 
as  much  as  the  other  two  strips  combined.  The  growth  in  No.  2  was  excess- 
ively strong  and  luxuriant,  and  this  was  due  to  the  nitrogen  drawn  from  the 
air  by  the  vaccinating  cultures.  No.  1  was  fair  yield  and  cost  about  60  per 
cent  as  much  as  No.  2  and  about  47  per  cent  of  that  for  No.  3. 

Pennsylvania,  HarUtown,  J.  T.  Campbell. — Where  soil  was  inoculated  the  result 
was  marvelous — four  times  as  great  as  where  there  was  no  inoculation. 
Nodules  one-half  inch  in  diameter.     (See  Plate  VII. ) 

Texas,  Keene.  A.  P.  Wesley. — Nodules  formed  on  vines  when  quite  young  and  the 
growth  was  fine,  while  the  land  they  were  planted  on  was  worn-out  day.  I 
think  it  a  success. 

Wisconsin,  Bay  City.  Chicker  Brothers. — A  very  satisfactory  crop  was  raised  where 
failure  had  attended  for  seven  vears. 

VELVET  BEANS. 

Florida,  Jacksonville.  E.  H.  Armstrong. — Thirty  to  50  per  cent  increase  over  that 
where  seed  was  not  inoculated  with  the  velvet-bean  culture;  same  for  cowp«u 
Season  dry,  somewhat  unfavorable. 

Louisiana,  Cades.  C.  E.  Smedes. — Increased  the  nodules  and  the  vine«  30  per  cent 
Vines  were  plowed  under. 

BERSEEM. 

California,  Berkeley.  David  Fairehild. — You  will  be  interested  to  know  that  at 
Berkeley  this  year  there  was  an  immense  difference  between  the  plots  of  bw- 
seem  froiii  treated  and  untreated  seed,  the  former  being  several  hundred  i^r 
cent  better  than  the  latter. 

PEANUTS. 

Virginia,  Poplarmount.  Charles  Denney. — Inoculated  a  piece  of  land  according  to 
your  instructions,  and  planted  Spanish  peanuts.  Increased  yield  at  the  rate 
of  5  bushels  per  acre. 

MISCELLANEOUS. 

North  Carolina,  Gibson.  Dr.  N.  M.  McLean. — As  to  "nodule  formation,"  ateet 
was  made  by  myself  in  person  to  determine  this  feature.  Sterile  soil  (obtained 
from  a  sand  subsoil  several  feet  l3elow^  the  surface)  to  which  was  added  a  cer- 
tain amount  of  phosphoric  acid  and  potash,  obtained  from  acidulated  rock  and 
muriate  potash,  was  placed  in  one-half  gallon  pots.  Each  legume  tested  was 
planted  in  a  number  of  these  pots.  To  a  certain  number  a  small  quantity  of 
the  "inoculating  material"  was  added,  with  others  as  "control  pots."  In 
each  test  a  marked  contrast  was  noticeable  in  a  short  time,  the  inoculated 
pots  showing  several  times  the  plant  growth  the  control  or  uninoculated  pot? 
did,  and  in  each  case  the  inoculated  pots  showed  a  plentiful  supply  of  nodule? 
on  the  plant  roots.  An  experiment  on  a  large  scale  was  then  tried.  A  trench 
3  feet  broad  and  12  feet  long  was  dug  out  30  inches  deep.  This  was  in  a  heavy 
clay-loam  soil.     The  trench  was  filled  with  this  same  sterile  soil  used  in  the 
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pots  fertilized  with  the  phosphoric  acid  and  potash.  In  each  square  (3  feet 
by  3  feet)  a  lej?ume  was  planted — alfalfa,  crimson  clover,  soy  beans,  and  velvet 
beans.  Each  variety  of  seed  was  inoculated  with  material  you  so  kindly  fur- 
nished, and  in  each  test  there  was  an  abundant  "nodule  formation."  In  each 
one  of  these  several  tests  the  control  pots  and  plots  verified  the  results  beyond 
the  possibility  of  doubt.  I  hope  next  season  to  be  in  a  position  to  make  a 
tabulated  report  that  may  be  of  use  to  others.  As  to  myself,  I  consider  your 
discovery  the  greatest  one  of  the  age  and  hope  you  may  live  to  see  a  universal 
acknowledgment  of  the  same. 

SXJHMABT. 

Owing  to  the  direct  eflfect  of  the  nodule-forming  bacteria  upon 
le^imes,  these  plants  are  supplied  with  a  source  of  nitrogen  not  avail- 
able to  most  other  plants.  Consequently,  the  legumes  can  flourish  in 
a  soil  practically  devoid  of  nitrogen. 

The  eflfect  of  legumes  upon  succeeding  crops  of  any  kind  is  gener- 
ally beneficial,  because  of  the  fact  that  the  soil  is  enriched  rather  than 
impoverished  by  these  plants. 

Where  nitrogen-fixing  bacteria  are  lacking,  it  is  possible  to  introduce 
them  artificially  either  by  transferring  soil  from  an  old  field  where  the 
de.sired  leguminous  crop  has  been  successfully  grown,  or  by  the  use  of 
pure  cultures  of  the  proper  organism. 

The  method  of  transferring  soil  is  objectionable  because  of  the 
inconvenience  and  expense,  and  is  apt  to  be  dangerous  on  account  of 
the  possible  transfer  of  weeds,  insect  pests,  and  plant  diseases. 

The  use  of  the  German  preparation,  nitragin,  has  not  been  a  success, 
probably  owing  to  the  method  of  growing  the  bacteria,  which  reduced 
their  virulence,  as  well  as  their  being  distributed  in  a  form  which 
caused  them  to  deteriorate  rapidly  and  die. 

The  nodule-forming  organism  is  a  true  micro-organism,  having  three 
well-defined  stages  consisting  (1)  of  minute  motile  rods  which  pro- 
duce the  infection  and  frequently"  form  zooglcea  masses;  (2)  larger 
rods  either  motile  or  nonmotile;  and  (3)  capsulated  forms,  the  so-called 
*' branched  organisms,"  which  are  made  up  of  two  or  more  rods  held 
together  in  a  sheath. 

There  is  but  one  species  of  legume  organism,  Pseudomonas  radicicola 
(Beyerinck)  Moore.  The  difference  in  the  infective  power  of  bacteria 
from  different  hosts  is  due  to  slight  physiological  variations  which  can 
be  broken  down  readily  by  cultivation. 

In  order  to  increase  or  maintain  the  virulence  of  nodule-forming 
organisms  they  must  be  cultivated  upon  nitrogen-free  media.  Growth 
upon  rich  nitrogenous  media  tends  to  diminish  and  frequently  destroys 
the  nitrogen-fixing  power,  since  this  element  can  be  obtained  more 
easily  from  the  medium  than  from  the  air. 

Various  external  conditions,  such  as  heat,  moisture,  alkalinity, 
amount  of  nitrogen  in  soil,  etc.,  all  have  a  direct  effect  upon  the 
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legume  bacteria,  and  the  failure  of  nodules  to  develop  may  often  be 
traced  to  such  a  cause. 

The  nitrogen  is  fixed  by  the  bacteria  in  the  nodule  and  become> 
available  by  the  action  of  the  plant  in  dissolving  and  absorbing  the 
combined  nitrogen  in  these  organisms. 

Nodules  inhabited  by  rod  forms  of  bacteria  which  can  not  be  dis- 
solved by  the  plant  are  of  no  more  benefit  than  any  parasitic  gall 
would  be. 

There  is  no  true  symbiosis  between  the  bacteria  and  the  host.  The 
nature  of  the  nodule-forming  organism  is  purely  parasitic,  and  unless 
the  plant  can  overcome  its  action  causes  distinct  harm. 

It  is  possible  for  nitrogen-fixing  bacteria  to  penetrate  the  roots  of 
plants  and  be  of  decided  benefit  without  the  formation  of  nodules  or 
any  external  evidence  of  their  presence. 

While  it  is  desirable  that  artificial  inoculation  be  made  at  the  time 
of  planting,  experience  has  shown  that  under  certain  conditions  crop^ 
of  three  or  four  years'  standing  are  improved  by  adding  bacteria  to 
the  soil. 

Inoculation  is  usually  of  no. benefit  to  soil  already  containing- the 
proper  bacteria,  although  there  may  be  excepti(His.  It  should  not 
be  practiced  where  the  soil  is  so  rich  in  nitrogen  as  to  prevent  the 
development  of  the  nitrogen-fixing  organism. 

The  inoculation  of  seed  and  soil  by  means  of  pure  cultures  i^towd 
and  distributed  according  to  methods  devised  by  the  Department  of 
Agriculture  is  shown  by  the  reports  of  practical  farmers  to  be  of 
distinct  advantage  when  used  under  circumstances  that  will  permit 
benefit 
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-CULTIVATION  OF  WHEAT  IN  PERMANENT  ALFALFA 

FIELDS." 


r  David  Faibchild,  Agricultural  Explorer,  ^eed  and  Plant  Introduction  and 

Distribution. 


Wheat  and  alfalfa  are  toeing  successfully  grown  together  at  the 
Line  time  on  the  dry  uplands  of  North  Africa.  Alfalfa,  although 
aubtless  one  of  the  greatest  forage  crops  in  the  world,  has  not  so  far 
I  America  been  capable  of  utilization  in  a  short  rotation  with  wheat, 
at  the  recent  experiments  of  a  Swiss  agriculturist  in  Algeria  have 
roved  that  wheat  and  alfalfa  can  be  grown  to  decided,  ad  vantage  in 
Itemate  rows. 

During  an  exploring  trip  which  the  writer  made  for  the  Office  of 
eed  and  Plant  Introduction  and  Distribution,  in  company  with  Mr. 
L  S.  Scofield,  a  visit  was  made  to  Setif,  Algeria,  where  Mr.  G.  Ryf, 
I  charge  of  the  Swiss  settlement  there,  has  some  remarkable  experi- 

■Alfalfa  is  probably  the  greatest  fodder  crop  now  grown  in  America,  and 
'heat  still  holds  its  place  as  one  of  our  most  important  cultures.  The  immense 
Pean  of  wheat  land  in  the  Northwest,  and  the  spread  of  durum  wheat  cultiva- 
on  into  the  arid  Southwest,  where  alfalfa  is  the  principal  fodder  crop,  should 
*ke  unusually  interesting  the  experiment  of  Mr.  Ryf  as  rei)orte<l  in  this  paper 
r  Mr.  Fairchild. 

With  the  present  increasing  Interest  in  dry-land  farming  in  portions  of  the 
Pest,  notably  in  Utah  and  Montana,  the  present  paper  is  very  timely,  and  meas- 
»8  should  by  all  means  be  taken  to  give  the  method  a  proiH^r  trial. 

The  observations  of  which  this  is  a  report  were  made  by  Mr.  Fairchild  and 
Ir.  C.  S.  Scofield  during  their  explorations  in  Algeria  in  1901,  but  at  that  time 
he  experiments  of  Mr.  Ryf  had  not  progressed  far  enough  to  merit  calling  them 
0  the  attention  of  American  cultivators. 

A.  J.  PiETERS,  Botanist  in  Charge. 

Office  of  Seed  and  Plant  Intboduction  and  Distribution, 

Washington,  D,  C,  November  19, 190^. 
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mental  grounds.  Wo  noted,  among  the  numerous  interesting  things 
with  which  Mr.  Ryf  was  experimenting,  a  field  of  alfalfa  planted  ii 
rows  3  feet  apart,  between  which  rows,  he  assured  us,  he  grew  even 
other  year  a  crop  of  durum  wheat.  Since  making  this  observation  in 
Algeria  in  1901,  the  attention  of  the  writer  has  l)een  called  to  the  fact 
that  such  a  rotation,  if  it  can  strictly  be  called  a  rotation,  is  not  prac- 
ticed in  regions  in  America  which  are  similar  to  the  dry  uplands  of 
western  Algeria  so  far  as  climate  and  soil  are  concerned,  and  it  hss 
seemed  w^orth  while  to  describe  this  simple  method  which  Mr.  Ryf 
has  discovered  and  which  he  has  now  in  satisfactory  operation  on  his 
place. 

In  response  to  a  letter  of  inquiry,  the  writer  received  a  communica- 
tion from  Mr.  Ryf,  dated  August  12, 1904,  of  which  a  free  translaiion 
from  the  French  follows : 

1  l)elieve  more  and  more  firmly  that  lueerna  is  destined  to  \Ai\y  an  impur 
tant  role  in  all  dry  cx)untrie8  where  forage  is  scarce.  The  value  of  the  intfl^ 
calary  culture  of  cereals  in  Ijucern  has  been  proved.  I  believe  it  to  l»e  ratioiBl 
and  to  Kohe  tlie  great  problem  of  an  economical  manure  crop.  After  nuinero«w 
trials  with  planting  lucern  in  rows  at  different  distances  apart,  we  have  a( 
last  foimd  that  a  distance  of  about  40  inches  between  double  it>ws  of  tiJP 
plant  is  most  satisfactory.  The  distance  between  the  single  rows  is  nnifornilf 
about  4  inches.  Formerly  we  sowed  the  lucern  in  single  rows,  but  we  !«« 
found  it  surer  to  sow  it  in  double  rows.  With  good  seeders  the  work  pf  sowiui 
is  not  difficult.  The  space  of  40  inches  lietween  the  double  rows  of  Inceni  «* 
sow  ordinarily  with  only  three  rows  of  wheat  or  other  cereal,  each  row  oo*?o(?- 
ing  about  7  inches  and  the  double  row  of  lucern  12  inches,  making  a  total  of  ^^ 
inches.  The  s[)ace  between  the  two  rows  of  lucern  is  cultivated  two  or  thi^f 
times.  In  one  of  these  cultivations  the  earth  is  turned  toward  the  roi^Tsof 
lucern ;  in  the  other,  away  from  them.  After  each  cultivation  a  harrow  {i^ 
sometimes  a  roller)  is  nm  over  the  ground,  providing  there  are  stones  or  h^ 
clods.  These  si)aces  ])etween  the  rows  of  lucern  are  sown  only  one  year  outof 
every  two,  the  yield  in  forage  during  the  year  in  which  the  ground  is  left  falkt* 
compensating  largely  for  the  loss  which  is  incurred  by  not  planting  the  gponni 
In  very  good  soils  our  good  indigenous  varieties  of  lucern  make  such  a  grovrtli 
that  the  rows  join  one  another,  notwithstanding  the  considerable  distant  ^^ 
nearly  40  indues  which  separates  them.  A  field  during  the  fallow  i>eriod  looks 
as  if  it  had  Ihhmi  sown  broadcast,  or  at  least  drilled  in  lines  very  close  togetbff- 
We  get  thus,  on  dry  soil,  without  irrigation,  two  or  three  cuttings  of  luwm,aDd 
pasturage  more  or  less  almndant  during  the  remainder  of  the  year.  We  feai*^ 
that  lucern  might  injure  the  cereals  planted  between  the  rows,  but  there  hi* 
been  no  reason  for  this  fear.  I  would  add  that  at  the  time  of  the  plo«^W 
|)reparatoi*y  to  sowing  tlie  ground  we  take  pains  to  cut  off  with  the  colter  a'''^ 
plowshare,  both  of  which  are  kept  well  shari)ened,  masses  of  the  luceni  rooP- 
This  oi)eration  in  a  measure  checks  the  growth  of  the  latter  during  tlie  ^^ 
tative  period  of  the  ct»reals,  but  being  a  plant  of  vigorous  spreading  habits  it 
soon  sends  out  new  roots  and  shoots  in  such  a  way  that  the  following  year  it 
has  regained  all  of  its  former  vigor. 

There   are   very   considerable   advantages   in   this   methoil   of   culture.   T^ 


oThe  French  name  hizeruc  is  applied  in  Algeria,  as  elsewhere,  to  MediaP 
ttativa  Linn.,  which  in  America  is  called  alfalfa. 
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uoern  seiidn  its  rootK  from  1  to  'A  motors  (.'{.28  to  0.84  fo<»t)  (Uh*p  Into  the  sub- 
loil  and  draws  from  it  the  water  necessary  for  its  growtli.  It  alisorbs,  as  well, 
litrogen  from  the  atmosphere,  which  is  the  other  source  of  food.  From  the 
■oots,  which  are  amputated  iwriodically,  is  secured  a  Rreen  fertilizer  which, 
iccordlng  to  miraeroiis  exfjeriments,  is  e<iuivalent  to  a  good  dressing  of  barn- 
yard manure.  But  this  maiuiiv,  in  tlie  form  of  amputate<l  roots,  plays  still 
mother  role  quite  as  important  In  dry  land.  It  serves  the  punwse  of  a  water 
reservoir.  In  fact,  these  roots  in  decomiwsing  become  like  little  sponges  whicli 
ran  through  the  soil,  and  in  thc*se  the  rain  water  accumulates.  These  roots, 
[>enetrating  deeply,  thus  (institute  reservoirs  of  humidity,  at  the  same  tiuu» 
breaking  up  and  rotting  in  the  soli  and  subsoil,  in  this  way  furnishing  nourish- 
ment and  moisture  to  the  cereals  which  are  grown  between  the  rows,  and  iHay- 
ing  the  role  of  excavator  at  the  same  time. 

Our  indigenous  varieties  of  luct»rn,  which  have  been  acclimated  in  this  region 
»ince  Roman  times,  are  incomparably  more  valuable  than  the  cultivated  lucern 
:*aIl€Hl  de  Provence  or  de  Poitou.  The  former  varieties  are  as  strong  and  hardy 
as  the  latter  are  exacting  and  delicate,  and  they  will  last  for  several  centuries. 
If  not  always,  defending  themselves  victoriously  against  the  weeds,  which  they 
often  kill  in  place  of  being  killed  by  them.  Among  these  indigenous  sikhIcs 
there  is  one  which  is  in  all  resi)ects  suiierior,  and  we  are  doing  our  bwt  to  proim- 
gate  this. 

A  numl)er  of  cultivators  have  adoptwl  the  intercalary  culture  of  lucern  and 
cereals.  f)ne  pro|)rietor  in  Tunis  wrote  me  recently  that  he  was  going  to  try  50 
hectares  (123.55  acres)  of  this  intercalary  culture.  As  for  myself,  I  extend  my 
culturt*H  each  year,  and  exi>ect  to  sow  next  spring  as  large  an  area  as  the  seed 
selected  will  i)ermit.  A  severe  storm  on  July  V^  destroyed  a  large  part  of  my 
loc«»rn  which  had  been  cut  for  seed,  which  fact  I  regret  ex(HHHlingly.  I  lielieve 
that  our  indigenous  luccM-ns  would  grow  in  Montana  and  other  of  your  cold  and 
dry  rej^ions,  but  under  these  conditions  there  are  ct?rtain  precautions  to  1k»  taken 
In  order  to  bring  the  young  plants  to  maturity.  Once  well  established,  no 
freezes  would  destroy  them ;  of  this  I  am  convinced.  Qur  climate  on  the  high 
plateau  of  Algeria,  although  not  so  cold  in  winter,  resembles  singularly  that  of 
the  dr>'  States  in  the  ctuitral  and  western  i)ortions  of  your  country. 

Whether  or  not  a  place  for  this  unusual  method  of  cultivation  can 
be  found  in  the  drier  regions  of  this  country  is  well  worth  finding  out, 
in  view  of  the  fact  that  so  successful  an  experimenter  and  so  practical 
a  farmer  as  Mr.  Ryf  has  pronounced  it  a  commercial  success  in 
Algeria  after  several  years  of  trial. 
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II.-THE  SALT  WATER  LIMITS  OF  WILD  RICE." 


By  Carl  S.  Scofield,  Botanist  in  Charge  of  Orain  Grade  Investigationn; 

Botanical  InvcHtifjaiions  and  Experiments. 


INTBODncnON. 

Wild  rice  {Zizania  aquatica  L.)  is  naturally  a  fresh-water  plant, 
and  its  growth  along  the  Atlantic  coast  of  the  United  States  is  con- 
fined for  the  most  part  to  sluggish  streams  or  to  those  deep  estuaries 
that  are  diluted  by  a  large  amount  of  fresh  water.  There  are  in  many 
of  these  streams  and  estuaries  large  areas  of  marsh  lands  or  mud  flats 
that  are  submerged  and  exposed  alternately  by  the  tide.  Wherever 
the  water  is  sufficiently  fresh,  such  conditions  are  almost  ideal  for  its 
growth,  and  in  many  places  large  wnld  rice  fields  now  exist,  but  there 
are  still  other  places  of  similar  nature  where  the  plant  is  not  found 
and  where  attempts  to  establish  it  have  been  made  without  success. 
These  failures  have  been  ascribed  usually  to  the  poor  quality  of  the 
seed  used  in  planting,  and  probably  this  has  been  one  of  the  important 
causes. 

An  investigation  undertaken  two  years  ago,*  in  cooperation  with 

>  Wild  rice  is  one  of  the  favorite  foods  of  wiid  duclcs  and  otiier  game  birds  in 
the  eastern  United  States,  and  owners  of  shooting  preserves  often  desire  to  plant 
it  in  order  to  increase  the  richness  of  their  feeding  grounds  and  thereby  attract 
larger  numbers  of  birds.  Plantings  heretofore  made  have  often  proved  failures, 
iwrticularly  in  brackish  waters  along  the  seacoast.  The  causes  of  faiiure  under 
these  circumstances  have  been  two — the  use  of  seed  which  had  been  so  dried  In 
the  curing  process  as  to  destroy  its  vitality,  and  an  excess  of  salt  in  tiie  water, 
by  reason  of  which  either  the  seeds  or  the  young  plants  were  killed.  A  method 
of  harvesting  and  curing  which  would  insure  vitality  in  wild  rice  seed  has 
already  been  described  in  Bulletin  No.  50  of  the  Bureau  of  Plant  Industry.  In 
the  present  paper  are  recorded  the  results  of  an  inquiry  into  the  degree  of 
salinity  which  the  plants  will  withstand.  This  infonnation  will  make  it  pos- 
sible to  ascertain  in  advance,  by  a  determination  of  the  salinity  of  a  particular 
body  of  water,  whether  wild  rice  planting  can  or  can  not  succeed. 

Fredebick  V.  CoviLLE,  Botauist, 

Office  of  Botanical  Investigations  and  Experiments, 

Washitif/toti.  J),  r.,  \ovemher  30,  190 J/. 

»See  Bulletin  No.  50  of  the  Bureau  of  Plant  Industry,  **  Wild  Itice:    Its  Uses 

and  Propagation." 
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tlie  Seed  Lal)oratory  of  this  Department,  demonstrated  the  fact  that 
wihl  rice  seed  should  never  become  dry  if  its  vitality  is  to  be  pre- 
served. It  was  also  shown  that  this  seed  can  be  gathered  and  stored 
over  winter,  if  need  be,  provided  it  is  kept  in  water  that  is  very  coli 
and  well  aerated  or  frequently  changed,  or  even  frozen. 

From  numerous  letters  received  during  the  year  from  varion* 
points  along  the  coast,  it  has  become  evident  that  not  all  previous^ 
failures  were  due  to  the  lack  of  vitality  of  the  seed.  It  has  been  a  well- 
recognized  4ict  that  wild  rice  will  not  grow  in  salt  water;  that  is,  in 
water  as  salt  as  that  of  the  ocean,  but  just  what  its  salt  water  limib 
are  seems  never  to  have  been  determined,  or  at  least  no  definite  infor- 
mation on  this  point  is  available.  It  was  obvious  from  the  nature  of 
the  inquiries  received  that  some  such  information  was  nee<led,  and 
consequenth'  some  investigations  have  l)een  made  near  Washington, 
where  wild  rice  grows  along  streams  flowing  into  Chesapeake  Bav. 
Three  separate  regions  were  examined,  and  two  of  these  gjive  excel- 
lent opportunities  for  determining  the  salt  water  limits  <if  tlie  plant. 

As  wild  rice  is  a  thoroughly  aquatic  plant — that  is,  grows  on  soil 
entirely  submerged  for  at  least  a  part  of  the  day  during  its  j^eriod  of 
growth — the  tests  for  salinity  were  confined  to  the  water  surrounding 
the  plants.  The  difficulties  attendant  upon  determining  the  quan- 
tity of  water  involved  in  cases  of  soil  samples  thix^atened  to  compli- 
cate the  investigation  without  adding  materially  to  the  results 
desired. 

THE  METHOD  OF  TESTING  SALINITT. 

The  salt  content  of  the  water  was  determined  by  means  of  an  elec- 
trolytic l)ridge  designed  by  Dr.  Lyman  J.  Briggs,  of  the  Bureau  of 
Soils  of  this  Department,  and  such  as  is  now  in  general  use  by  that 
Bureau.  The  principle  involved  in  the  use  of  this  instrument  is  that 
with  a  given  temperature  the  electrical  conductivity  of  the  water  in- 
creases with  the  amount  of  salt  in  solution,  or,  conveisely,  the  elec- 
trical resistance  of  the  water  decreases  as  its  salinity  increases.  The 
instrument  is  compact,  portable,  and  simple  of  operation  and  pive^ 
results  that  are  accurate  to  a  high  degree  and  capable  of  almost  direct 
reading.  All  the  difficulties  involved  in  securing  a  large  numlx^r  of 
samples  and  making  numerous  laboratory  analyses  are,  therefore, 
obviated  and  a  survey  of  any  locality  may  be  made  and  the  salt  con- 
tent of  the  water  determined  on  the  spot,  where  such  information  i^ 
of  the  greatest  value  in  interpreting  the  distribution  of  the  plants 
studied. 

The  rejrions  surveved  were  visited  bv  l)oat  and  the  water  was  exam- 
ined  both  where  the  wild  rice  grew  vigorously  and  where  its  gro\rth 
was  obviously  inhibited  by  the  excessive  salt  content  of  the  water,  A 
special  form  of  cell,  designed  by  Doctor  Briggs  for  use  in  testing  irri- 
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gation  water,  was  found  best  adapted  to  this  work.  This  cell  con- 
sists of  two  platinum  terminals,  coated  with  platinum  black,  and 
protected  by  a  perforated  hard-rubber  bulb.  The  cell  is  attached  to 
the  bridge  by  insulated  leads  and  immersed  in  the  water  to  be  tested. 
The  bridge  readings  are  given  in  ohms,  and  a  calibration  by  measur- 
ing the  resistance  of  solutions  of  known  concentration  suffices  to 
transfer  these  readings  into  the  scale  of  jx^rcentages  by  weight  or 
parts  of  a  normal  solution,  as  desired. 

In  the  following  notes  the  instrument  n'adings  are  used  largely, 
while  in  the  accompanying  table  the  relations  of  those*  readings  to 
both  the  percentage  scale  and  parts  of  a  normal  solution  are  given. 

THE  REGIONS  INVESTIGATED. 

The  first  region  investigated  was  that  of  the  Potomac  River  between 
Ihe  city  of  Washington  and  Chesapeake  Bay.  Wild  rice  was  reported 
as  abundant  in  the  deep  inlets,  or  so-called  rivers,  penetrating  l)oth 
shores  of  the  Potomac  near  its  mouth.  It  was  found,  however,  that 
these  inlets  receive  so  little  fresh  water  in  proportion  to  their  size  that 
the  water  in  them  is  approximately  as  salty  as  that  of  Chesapeake 
Bay,  and  they  contained  no  wild  rice.  There  were,  however,  many 
dusters  and  even  small  fields  of  salt  reed  grass  (Spat'tina  poJyHtachyn 
(Michx.)  Ell.)  and  also  of  the  narrow  panicum  {Pdnirum  (Jigitari- 
oidea  Carpenter)  that  may  possibly  have  lx*en  mistaken  for  Zizania 
bv  casual  observation  from  a  distance. 

There  was  some  wild  rice  growing  along  the  shores  of  the  Potomac 
River  below  Washington  as  far  down  as  Widewater,  Va.,  near  which 
point  the  water  l)ecomes  salty;  but  the  growth  was  so  scattering  and 
so  obviously  influenced  by  factors  other  than  the  salinity  of  the  water 
(hat  no  opportunity  was  found  to  test  the  limiting  conditions  with 
respect  to  this  factor. 

The  second  region  investigated  was  at  the  head  of  a  deep  inlet  from 
Chesapeake  Bay,  northeast  of  Baltimore,  Md.  This  inlet  is  known  as 
the  Gunpowder  River.  It  receives  fresh  water  from  two  small 
streams  known  as  the  Gunpowder  Falls  and  the  Little  Gunpowder. 
These  streams  annually  carry  out  and  deposit  in  the  head  of  the  inlet 
large  quantities  of  mud,  through  which  several  narrow  channels  arc 
kept  open  by  the  current.  The  mud  flats  thus  formed  are  submerged 
to  the  depth  of  a  foot  or  more  at  flood  tide  and  exposed  by  s(»veral 
inches  at  low  tide. 

This  annual  mud  deposit  is  gradually  filling  up  the  inlet,  and  over 
the  land  thus  made  the  progress  of  vegetation  is  to  be  seen  in  well- 
marked  stages.  The  first  plant  to  appear  is  pickerel  weed  {Ponte- 
deria  cordata  L.).  These  usually  grow  on  the  freshly  deposited  mud 
and  doubtless  aid  greatly  in  holding  it  in  place.  These  plants  are 
followed  by  wild  rice  in  isolated  clusters  which  give  seed  enough  to 
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produce  a  dense  and  luxuriant  growth  the  year  following.  Mean- 
while additional  deposits  of  siU,  together  with  the  debris  from  the 
large  stems  of  the  wild  rice  plants,  have  transformed  these  soft  mud 
flats  into  firm  land,  and  the  wild  rice  is  gradually  replaced  by  cit 
tails  {Typha  latifolia  L.)  and  various  species  of  sedges  and  grasses. 

The  combined  volume  of  the  two  streams  above  mentioned  i^  suffi 
cient  to  dilute  the  otherwise  salty  water  of  the  Gunpowder  River  fur  a 
considerable  distance  out  over  the  mud  flats,  and,  so  far  as  could  be 
ascertained  by  careful  observation,  all  other  conditions  are  suflSciently 
uniform  so  that  the  spread  of  the  wild  rice  into  the  river  is  limited 
only  by  the  salinity  of  the  water.  In  other  words,  conditions  at  the 
head  of  the  Gunpowder  River  appear  to  be  such  that  the  salt  water 
limits  of  the  particular  variety  of  wild  rice  growing  there  can  be 
definitely  measured. 

There  is,  of  course*,  the  universal  complication  of  tide  movement. 
with  the  result  that  the  concentration  varies  at  any  point  in  the  crit- 
ical zone  as  the  tide  alternately  rises  and  falls.  A\Tiile  the  measure- 
ments of  salinity  were  not  continued  at  a  given  point  in  this  zone 
throughout  a  complete  cycle  of  tide  movement,  they  were  made  for 
a  sufficiently  long  period  to  give  an  approximate  idea  of  the  range  of 
concentration. 

The  conformation  of  the  mud  flats  and  channels  at  this  iK)int  is 
such  that  there  is  very  little  actual  inflow  of  tide  water  over  the  rice 
fields.  The  incoming  tide  is  little  more  than  sufficient  to  stop  the 
outflowing  fresh  water,  even  in  the  open  channels,  so  that  the  con- 
centration at  any  point  within  the  wild  rice  field  is  practically  the 
same  at  flood  tide  as  when  the  tide  has  more  than  half  run  out. 

At  the  mouths  of  the  two  streams  mentioned,  the  Gunpowder  Falls 
and  the  Little  Gunpowder,  the  water  at  the  beginning  of  ebb  tide  gave 
about  1,400  ohms  resistance.  (See  table,  p.  14.)  Out  beyond  this 
point  were  the  large  fields  of  wild  rice  cut  by  open  channels.  Among 
the  most  luxuriant  growth  of  wild  rice,  where  the  water  was  practi- 
cally stagnant,  the  resistance  was  about  300  ohms,  varying  from  ^75 
to  »V25  ohms  at  different  points. 

On  the  outer  edge  of  the  wild  rice  field  and  in  the  channels  near  this 
edge  at  flood  tide  the  resistance  was  150  ohms  or  less,  while  the  open 
water  outside  of  the  field  gave  a  resistance  as  low  as  125  ohms.  This 
latter  reading  corresponds  to  a  0.03  normal  solution  of  sodium  chlorid, 
and  at  this  point  evidently  marked  the  limits  of  the  resistance  of  wild 
rice  to  salt  water. 

The  third  region  investigated  was  the  Patuxent  River  in  Maryland, 
from  Chesapeake  Bay  to  the  head  of  navigation,  which  is  I-<eon's 
Landing,  a  point  just  north  of  where  the  Chesapeake  Beach  Railroad 
crosses  this  river. 
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The  Patuxent  River,  for  a  considerable  distance  above  its  month,  is 
ery  wide  in  proportion  to  the  volume  of  water  it  contributes  to  Chesa- 
eake  Bav,  so  that  it  does  not  form  the  conventional  delta.  As  a 
Bsult  the  tide  is  very  pronounced  as  the  stream  narrows  to  the  pro- 
ortions  necessary  to  deliver  its  water,  and  the  line  between  fresh  and 
alt  water  shifts  for  a  long  distance  with  each  tide. 

This  action  of  the  large  tide  movement  considerably  complicated  the 
ask  of  measuring  the  concentration  of  the  water  with  which  the 
slants  along  the  stream  are  actuallj^  surrounded.  It  was  found,  how- 
ver,  that  the  wild  rice  plants,  especially  those  along  the  lower  part 
►f  the  river,  where  the  salt  content  was  fairly  high,  are  so  situated 
hat  they  have  a  minimum  of  actual  water  movement  past  them.  In 
>ther  words,  where  the  conditions  are  such  that  the  salt  content  of 
he  river  water  at  high  tide  is  considerably  greater  than  that  to  which 
he  wild  rice  is  accustomed,  the  plants  along  this  portion  of  the 
;tream  were  surrounded  by  water  considerably  fresher  than  that  of 
the  .stream  itself.  The  maximum  concentration  in  which  wild  rice 
plants  were  found  extensively  growing  in  the  lower  river  was  about 
3.03  of  a  normal  solution  of  sodium  chlorid,  equivalent  to  a  resistance 
af  125  ohms.  Occasional  plants  were  found,  however,  where  the 
resistance  was  as  low  as  GO  ohms,  but  these  were  so  situated  that  they 
were  doubtless  surrounded  a  large  part  of  the  time  by  water  nnich 
fresher  than  this.  This  latter  test  was  made  shortly  after  high  tide 
and  the  plants  were  found  in  a  little  cove  of  slack  water.  It  is  prob- 
able this  represents  nearly  the  maximum  concentration  to  which  the 
plants  were  exposed. 

A  careful  survey  of  the  river  below  this  point.  White's  Landing, 
failed  to  show  any  quantity  of  wild  rice.  There  were  occasional 
plants  farther  down  the  river,  but  always  in  situations  well  inland, 
that  were  probably  fed  by  springs,  so  that  the  water  of  the  overflow 
was  considerably  diluted.  From  White's  Landing  on  uj)  the  river 
the  concentration  of  the  water  diminished  rapidly  and  the  mud  flats 
on  either  shore  produced  an  abundance  of  wild  rice.  In  fact,  from 
Nottingham  north  to  the  head  of  navigation,  wild  rice  is  the  most 
conspicuous  feature  of  the  vegetation  bordering  the  river. 

CONCIiUSIONS. 

From  the  surveys  thus  made  in  the  vicinity  of  AVashington,  it  seems 
fair  to  assume  that  the  salt  water  limit  of  wild  rice  is  approximately 
represented  by  0.03  of  the  normal  solution  of  sodium  chlorid.  This  is 
very  considerably  less  than  the  concentration  of  the  water  of  Chesa- 
peake Bay,  w^hich  has  a  resistance  of  about  20  ohms,  or  a  concentra- 
tion equivalent  to  about  0.28  of  a  normal  solution  of  sodium  chlorid. 
It  is  also  obvious  that  this  represents  about  the  nuvximum  salt  water 
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resistance  of  the  species  in  the  regions  examined,  since  the  gro^ 
along  the  limiting  zone  is  abundant,  and  in  the  nature  of  the  case  thi 
whole  tendency  is  toward  the  selection  of  plants  able  to  resist  highei 
concentrations.     The  streams  along  which  these  plants  grow  on  thi 
Atlantic  coast  usually  flow  into  salt  water.     Nearly  all  of  them  cai 
down  large  deposits  of  mud  and  form  shallow  deltas  which  giv* 
physical  conditions  best  adapted  to  the  plant,  and  any  individuals^ 
able  to  succeed  in  saltier  water  would  considerably  aid  the  species  in  its 
conquest  of  territory. 

WTien,  therefore,  the  question  of  establishing  cultures  of  wild  rice 
along  the  coast  streams  is  being  considered,  it  is  highly  important  that 
the  concentration  of  the  water  covering  these  areas  l)e  determined,  for 
this  appears  to  be  the  factor  of  the  greatest  importance  in  ascertain- 
ing the  possibility  of  establishing  such  cultures. 

It  may  also  be  added  that  the  salt  water  limits  of  wild  rice  may  be 
determined  approximately  by  the  simple  test  of  taste.  When  water 
is  appreciably  salty  to  the  taste,  it  is  too  salty  for  the  successful 
growth  of  this  plant. 

Table  showing  the  relation  between  the  readingn  of  the  testing  eell  used  in  the 
above  aurt'eys  and  the  parts  of  a  normah  and  the  pereentaye  by  icright  solt- 
tions  of  sodium  ehlorid:  also  the  relation  of  these  eoneent  rat  ions  to  the  *m*trtk 
of  wild  riee. 


ResiBtance 
of  water  in 


I    Parts  of  a   .  Pei-centago  ' 
normal  solu-   Holation  of  i 


coll  at  H)°  P.  tion  of  NaCl.        NaCl. 


Ohm  A. 

ao 

1,4(K) 
a,  700 


0.2800 

o.mw) 

O.OCIX) 
0. 0140 
0.0(tt7 

0.0010 


1.6380 
0.8740 

0. 1755 
0.0820 
0.0158 

0.005S 


Notes 


Concentration  of  Chesaiieake  Bay:  no  wild  rioe.« 
Limit  of  occasional  planta;   exceseive   for   suct^raBful 

growth. 
Limit  of  wild  rice  growth;  alight  taste  of  salt  in  water. 
Luxuriant  growth  of  wild  rice:  no  taste  of  salt  in  water. 
Water  at  the  month  of  Ounpowder  Falls;  abnndant  wfld 

rice. 
Water  of  the  upper   Patuxent  and   Potomac   rivtw: 

abundant  wild  rice. 


•  AccordinK  to  thiH  to»t  the  water  of  (?hosaueake  Bay  is  considerably  fresher  than  that 
of  the  Atlantic  Ocean.  Malcin  ((Miemical  News,  77:  155  and  171)  Onds  that  ocmb 
water  contains  'AM'M  uer  cent  of  solids,  with  the  more  abundant  salts  In  the  foUowIng 
proportions:  NaCI.  7rt.915  per  cent;  MjfC^l-,  11.407  per  cent;  Mg80«.  4.483  per  cent; 
CaS04,  4.L'2G  per  cent ;    K2SO4,  ii.4«8  per  cent. 


I,  p.  I. — 155.  G.  F.  r.  I.— 111. 

III.-EXTERMINATION  OF  JOHNSON  GRASS." 


By  W.  J.  Spiixman,  Agrostologist  in  Charge  of  Oraas  and  Forage  Plant 

Investigations. 


nfTBODUGTION. 

On  account  of  the  importance  of  the  subject  to  the  farmers  of  the 
South,  the  following  notes,  giving  results  of  certain  tests  of  metho<ls 
of  exterminating  Johnson  grass,  are  published  in  advance  of  the  com- 
pletion of  the  experiments  undertaken.  The  complete  investigations 
include  not  only  a  test  of  various  cultural  methods  for  the  extermina- 
tion  of  this  pest,  but  also  the  use  of  various  chemical  preparations  for 
this  purpose,  including  such  materials  as  crude  petroleum  (which  is 
obtainable  at  very  low  prices  in  parts  of  the  Johnson  grass  country) 
and  various  mixtures  containing  arsenic.  The  complete  success  of 
some  of  the  cultural  methods  used  in  the  experiments  renders  it  im- 
portant that  they  should  be  made  available  to  the  public  at  once. 
These  methods  are  practicable  on  cultivated  land,  but  do  not  apply 
to  fence  rows,  ditch  banks,  or  railway  rights  of  way.  It  is  hoped 
that  effective  methods  of  controlling  or  even  of  eradicating  Johnson 
grass  in  the  latter  situations  may  also  be  developed. 

The  cultural  tests  here  reported  were  conducted  by  the  writer  on 
the  farm  of  Mr.  J.  B.  Gay,  of  Columbus,  Tex.,  and  acknowledgment 
is  made  of  the  very  faithful  manner  in  which  Mr.  Gay  has  carried  out 
instructions  in  connection  with  the  conduct  of  the  experiments. 
Three  somewhat  different  methods  of  handling  the  soil  were  tested. 
The  preliminary  treatment  of  the  soil  was  the  same  in  each  case, 

<>  Johnson  grass  is  probably  the  most  troublesome  wood  In  the  Southern 
States.  In  the  autumn  of  1002  investigations  were  begun  with  a  view  to  devis- 
ing practical  means  of  eradicating  it.  These  investigations  are  still  in  progress, 
but  the  very  definite  results  thus  far  secured  on  one  phase  of  the  problem, 
together  with  the  urgent  need  of  Information  on  the  subjecrt,  seem  to  Justify 
the  publication  of  the  data  already  at  hand.  The  method,  the  results  of  which 
are  contained  in  this  paper,  is  applicable  only  to  oix»n  fields.  Methods  of  deal- 
ing with  this  pest  In  roadways,  on  ditch  banks,  and  along  the  rights  of  way  of 
railroads  will  be  discussed  In  a  later  publication. 

W.  J.  Spiixman,  Agrostologist. 

Office  of  Grass  and  Forage  Plant  Investigations, 

Washington,  D.  C,  Mareh  11,  1905, 
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variation  in  the  methods  occurring  in  connection  with  the  different 
cropping  systems  followed  on  the  different  plats. 

GHABACTEK  OF  THE  SOIL. 

The  land  on  which  these  experiments  were  conducted  consisted 
partly  of  heavy,  dark-colored  alluvial  soil,  inclined  to  be  wet.  The 
south  end  of  the  plats  extended  to  a  lighter  type  of  soil  of  medium 
character.  The  results  were  practically  the  same  on  the  two  tj'pes  of 
soil.  This  land  had  been  abandoned  to  Johnson  grass  for  some  years 
and  was  in  the  middle  of  a  large  field  which  was  badly  infested  and  in 
which  cotton  had  been  grown  for  some  years.  At  the  time  these 
experiments  were  undertaken  it  was  believed  by  many  that  the  eradi- 
cation of  Johnson  grass  was  impracticable  on  account  of  the  cost :  but 
since  that  time  the  writer  has  learned  of  many  farmers  who  have  coni- 
MOifW  pletely  rid  their  farms  of  this  pest  by  methods 

quite  similar  to  those- used  in  these  experiments. 
Methods  radically  different  from  these  have  also 
been  reported  to  be  completely  successful,  thougb 
the  writer  has  no  personal  knowledge  to  substan- 
tiate the  claims  made  for  the  various  methods. 

METHODS  OF  TREATMENT. 


W£sr 


sourn 


Pig.  1. 


The  various  methods  of  treatment  will  be  con- 
\£4sr  sidered  in  the  order  of  their  effectiveness.  Fig- 
ure 1  shows  a  diagram  of  the  plats  upon  which 
the  experiments  were  conducted.  The  general 
plan  of  the  experiments  was  as  follows:  Plats 
1  and  2  were  devoted  to  rye  and  barley,  respec- 
tively, during  the  winter,  cowpeas  the  first  sum- 
mer, cereals  again  the  next  winter,  and  cotton 
the  second  summer.  Plat  3  was  devoted  to  cot- 
ton both  years.  Plat  4  was  left  bare  the  first 
year  and  devoted  to  cotton  the  second  vear.  The 
^enuKonlX;:!;  "triangular  pkt  on  the  east  side  of  the  field,  pUt 
of  Mr.  J.  B.  Gay,  Coium-  5  in  the  diagram,  was  left  in  Johnson  grass  for 
^"^  ^'''^'  the  sake  of  comparison. 

The  preliminary  treatment  of  plats  1,  2,  3,  and  4  was  identical  and 
was  as  follows :  In  August,  1902,  these  plats  were  plowed  with  a  disk 
plow  to  a  depth  of  4  or  5  inches.  At  this  time  the  ground  was  dry 
and  hard  and  a  considerable  growth  of  Johnson  grass  on  the  plats  was 
turned  under.  On  September  2,  no  rain  having  intervened,  an  at- 
tempt was  made  to  remove  the  Johnson  grass  rootstocks  from  the 
ground  by  means  of  the  implement  shown  in  figure  2,  here  called  a 
root  digger,  but  called  by  the  manufacturers  a  grass  hoe.  On  account 
of  the  cloddy  condition  of  the  soil  the  root  digger  failed  to  do  satis- 
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factory  work.  On  the  15th  and  IGth  of  October,  after  the  land  had 
received  sufficient  rain  to  put  it  in  good  condition,  it  was  replowed 
with  a  two-horse  turning  plow  to  a  depth  of  about  4  inches,  the 
utmost  care  being  used  to  cut  and  turn  every  inch  of  soil  in  order  that 
no  Johnson  grass  roots  might  remain  uncut.  This  plowing  left  the 
land  in  excellent  condition.  On  the  next  day  the  root  digger  was 
used  on  this  land,  first  crosswise  of  the  furrows  and  then  lengthwise. 
It  is  estimated  that  this  operation  removed  fully  90  per  cent  of  the 
Johnson  grass  roots  from  the  soil  and  left  them  on  the  surface.  They 
were  then  raked  off  with  an  ordinary  horserake  and  removed  from 
the  land.  On  October  20,  plat  1  was  sown  to  rye  and  plat  2  to  barley, 
plats  3  and  4  being  left  bare  during  the  winter.  The  winter  season 
proved  to  be  very  wet  and  neither  the  rye  nor  the  barley  made  suffi- 
cient growth  to  justify  cutting  for  hay  in  the  spring.  On  April  7, 
1903,  all  four  of  these  plats  were  plowed  again  with  a  two-hoi'se  turn- 
ing plow,  the  rye  and  barley  on  plats  1  and  2  being  turned  under. 

The  treatment  given  each  of  the  plats  will  now  be  taken  up  sep- 
arately.    As  the  treatment  given  plat  4  resulted  in  the  complete 
eradication  of  the 
grass,  that  will  l)e 
described  first. 

As  previously 
stated,  plat  4  had 
been  plowed  twice 
the  previous  au- 
tumn and  treated 
twice  with  the  root 
digger.  It  was 
again  plowed  on 
April  7.    On  May  4 

J  ,  Fig.  2. — Root  digger  (Bo-cal led  grass  hoe) used  In  the  experiments. 

a  .drag  harrow  was 

run  over  it.  On  May  18  it  was  run  over  with  an  ordinary  heel- 
scrape,  or  heel-sweep,  as  it  is  called  in  many  parts  of  the  South.  The 
implement  used  is  shown  in  figure  8,  an  implement  which  shaves  oflF 
an  inch  or  two  of  the  surface  of  the  soil.  The  ground  was  harrowed 
again  with  an  ordinary  drag  harrow  the  same  day.  The  heel-scrape 
was  run  over  the  land  again  on  July  17  and  again  on  August  31. 
After  that  date  no  Johnson  grass  appeared  on  this  plat.  The  sub- 
sequent treatment  of  the  plat  consisted  of  harrowing,  on  October  26, 
merely  to  smooth  the  surface. 

In  November,  1903,  when  the  writer  visited  these  plats,  there  was 
not  a  sprig  of  Johnson  grass  on  plat  4,  and  Mr.  Gay  stated  that  none 
had  appeared  since  the  last  of  August.  Plate  I,  figure  1,  shows  the 
appearance  of  this  plat  on  November  24,  1903,  just  after  it  had  been 
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laid  ofT  for  cabbages.  To  the  right  of  the  plat  will  be  seen  the  ori«:- 
inal  Johnson  grass  sod,  while  to  the  left  is  the  cotton  grown  on  pltt  o 
during  the  summer  of  1903.  The  grass  roots  shown  are  thoee  of 
Colorado  grass  and  not  of  Johnson  grass. 

On  account  of  the  unfavorable  season,  cabbages  were  not  planted 
on  plat  4,  as  contemplated  in  1903,  and  the  plat  remained  bare  during 
the  winter.  During  the  summer  of  1904  this  plat  was  devoted  to 
cotton.  It  was  plowed  on  March  29  with  an  ordinary'  turning  plow 
and  cotton  was  planted  the  same  day.  This  cotton  was  cultivated 
with  the  heel-sweep  on  April  20,  at  which  time  about  half  a  dozen 
sprigs  of  Johnson  grass  were  found  along  the  eastern  margin  next 
the  Johnson  grass  sod.  On  May  24  the  heel -scrape  was  again  used, 
on  June  16  the  cotton  was  chopped,  on  June  28  it  was  plowed  again 
with  the  scrape,  the  final  cultivation  with  the  scrape  being  made  on 
July  15.  The  cotton  on  this  plat  grew  very  rank,  so  much  so,  in  fact 
that  it  shed  a  great  many  of  its  bolls.  In  addition,  the  boll  weevil 
destroyed  a  very  large  portion  of  the  crop,  so  that  the  yield  of  cotton 
was  only  one-fourth  of  a  bale  per  acre.  Plate  I,  figure  2,  shows  the 
condition  of  this  plat  on  August  29,  1904,  just  two  years  from  the 
time  the  experiments  began.    It  is  seen  that  the  growth  of  the  cotton 

was  very  rank,  no 
Johnson  grass  Eyeing 
present.  As  hereto- 
fore stated,  there  were 
a  few  sprigs  of  John- 
son grass  on  this  plat, 
but  they  were  along 
the  east  side,  adjacent 
to  the  Johnson  gra.<5? 
sod,  and  were  prob- 
ably due  to  invading 
roots  from  the  old  sod. 

pifl.  3.— stock,  with  shovel  point  and  heel-sweep  Attached.  It  will  be  Seen  that 

the  summer- fallowing 
given  this  plat  during  the  summer  of  1903,  added  to  the  work  of  the 
root  digger  in  the  autumn  of  1902,  completely  exterminated  the  gras? 
by  the  last  of  August.  The  number  of  cultivations  given  this  plat 
during  1903  included  one  plowing  with  the  turning  plow  in  the*spring 
and  the  use  of  the  heel-scrape  once  in  the  middle  of  May,  again  the 
middle  of  July,  and  again  the  last  of  August.  It  would,  of  course, 
be  impracticable  for  a  farmer  to  treat  his  whole  farm  by  this  method 
during  a  single  season.  The  method,  however,  is  entirely  practicable 
if  a  small  portion  of  the  farm  is  treated  each  year  and  great  care  used 
not  to  allow  Johnson  grass  to  start  again  from  seed  on  the  portion  of 
the  farm  that  has  alreadv  been  cleared. 
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The  next  most  successful  treatment  was  that  given  plat  3.  The 
roots  were  dug  on  this  plat  in  the  autumn  of  1902,  just  as  on  plat  4, 
and  plat  3  remained  bare  during  the  winter.  In  the  summer  of  1903 
this  plat  was  devoted  to  cotton.  The  land  was  plowed  with  a  two- 
horse  turning  plow  on  April  7.  On  May  4  a  drag  harrow  was  run 
over  it,  and  on  May  18  it  was  planted  to  cotton.  The  cotton  was 
chopped  first  on  June  25,  and  was  cultivated  with  the  heel-scrape  on 
June  26  and  again  on  July  15.  It  was  chopped  again  on  July  23  and 
August  17.  The  last  cultivation  with  the  scrape  was  given  on  August 
31.  Although  the  weevil  was  very  bad,  the  yield  of  cotton  was  one- 
third  of  a  bale  per  acre.  Plate  II,  figure  1,  shows  the  condition  of  this 
plat  on  November  24.  The  same  plat  was  devoted  to  cotton  again 
during  the  summer  of  1904,  and  no  more  Johnson  grass  was  visible 
than  may  be  seen  in  Plate  I,  figure  1,  from  a  photograph  taken  the  year 
before.  On  this  plat,  in  addition  to  the  cultivation  above  mentioned, 
bunches  of  Johnson  grass,  as  they  appeared,  were  removed  by  hand 
before  the  growth  had  reached  a  height  of  6  inches.  This  w^as  very 
easy,  since  all  of  the  sprouts  that  came  were  either  from  seed  or  from 
short  pieces  of  roots  left  in  the  soil  by  the  root  digger. 

From  the  experience  wnth  this  plat  it  seems  that  it  would  be  entirely 
feasible  to  eradicate  Johnson  grass  completely  in  a  single  year  in  the 
follow^ing  manner:  First,  in  the  autumn,  at  a  time  when  the  land  is  in 
good  condition  to  cultivate,  plow^  to  a  moderate  depth  with  a  turning 
plow\  being  careful  to  cut  and  turn  every  inch  of  soil.  A  good  disk 
plow  so  set  as  to  cut  every  inch  of  the  soil  would  ans\ver  as  well. 
Harrow  the  land  inunediately  so  as  to  get  it  smooth  and  well  pulver- 
ized. It  is  perfectly  useless  to  try  to  use  the  root  digger  unless  the 
land  is  brought  into  excellent  condition  and  is  free  from  clods.  The 
next  treatment  is  to  run  over  the  land  with  some  implement  which  acts 
on  the  same  principle  as  the  root  digger  shown  in  figure  2.  First,  run 
crosswise  of  the  furrow^s  and  then  lengthwise.  The  roots  left  on  the 
surface  by  this  treatment  may  either  be  removed  from  the  field  or  left 
to  decay  during  the  winter.  In  the  spring,  plow  the  land  again  with 
the  turning  plow  and  then  put  it  in  cotton  in  the  usual  way  and  give 
the  cotton  ordinary  good  tillage.  Pay  no  attention  to  the  Johnson 
grass  until  the  first  sprigs  get  to  be  about  6  inches  high,  then  go  care- 
fully over  the  land  and  pull  out  every  bunch  of  Johnson  grass  visible. 
By  doing  this  work  carefully  it  will  be  possible  to  remove  every 
sprig,  root  and  branch,  because  the  grass  sprouts  come  from  small 
loose  pieces  of  roots  in  the  soil.  By  repeating  this  operation,  never 
allowing  a  sprig  to  get  more  than  6  inches  high,  the  grass  can  be  com- 
pletely eradicated  during  the  summer,  and  the  amount  of  labor 
required  will  not  be  excessive.  We  have  found  that  the  treatment 
given  in  the  autunm  by  the  root  digger  leaves  comparatively  little  to 
be  done  the  next  summer.    This  is  probably  the  most  practical  method 
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for  eradicating  the  grass  on  cotton  farms.  Similar  methods  could  be 
pursued  in  a  cornfield,  but  the  average  farmer  in  the  South  will  not 
give  a  cornfield  the  attention  given  a  cotton  field.  It  is  therefore  rec- 
ommended that  where  this  method  is  used  for  exterminating  Johnson 
grass,  cotton  be  grown  the  summer  after  the  root  digger  is  used  in  the 
autumn. 

Very  good  results  could  doubtless  be  obtained  by  using  the  root 
digger  on  well-prepared  land  in  the  spring  instead  of  in  the  autumn, 
but  if  the  work  is  done  in  the  autumn  the  cold  Aveather  of  winter  will 
kill  a  large  number  of  roots  that  would  otherwise  remain  to  be 
destroyed  by  hand  work  the  next  summer. 

The  treatment  given  plats  1  and  2  was  not  as  successful  as  that 
given  plats  3  and  4,  yet  very  good  results  were  obtained.  As  already 
stated,  these  two  plats  w^ere  treated  wnth  the  root  digger  in  the  autumn 
of  1902,  and  were  then  sown  to  winter  grain.  The  next  summer  thej 
were  cultivated  in  cow^peas,  no  particular  attention  being  given  to  the 
grass.  The  next  winter  they  were  again  devoted  to  winter  grain, 
while  the  next  summer — that  is,  the  summer  of  1904 — ^they  wefp 
planted  in  cotton.  Plate  II,  figure  2,  shows  the  condition  of  these  two 
plats  on  August  29, 1904,  two  years  after  the  treatment  began.  AVhen 
it  is  considered  that  this  land  was  pure  Johnson  grass  sod  at  the 
Iwginning,  it  will  l>e  seen  that  after  two  years,  wnth  no  sj^ecial  treat- 
ment except  the  use  of  the  root  digger  the  first  autunm,  the  land  was 
comparatively  free  from  grass;  in  fact,  there  was  not  enough  grass  to 
interfere  in  the  slightest  with  the  production  of  the  cotton  crop. 
Plate  III  shows  the  condition  of  the  cotton  crop  of  one  of  Mr,  Gay!* 
tenants  a  few  yards  from  these  plats.  A  careful  study  of  the  picture 
will  show  a  few  stalks  of  cotton  among  the  Johnson  grass.  This  pic- 
ture could  be  duplicated  on  many  other  farms  on  the  Colorado  Kivtf» 
in  the  vicinity  of  Columbus,  Tex.  The  principal  diflference  in  th* 
treatment  given  the  crop  shown  in  Plate  III  and  that  shown  in  Plato 
II,  figure  1,  was  in  the  use  of  the  root  digger  the  autumn  previous. 

IMPIiEMENTS  USED. 

AVliile  the  implement  shown  in  figure  2  removes  Johnson  grass  root! 
from  well-prepared  soil  very  effectively,  the  implement  itself  is  al^ 
impracticable  one.  In  the  first  place  it  is  too  small,  and  it  therefori 
requires  too  much  labor  to  treat  the  land.  In  the  second  place,  thi 
teeth  soon  clog  with  the  roots  and  it  is  necessary  to  stop  and  raise  tie 
implement  high  enough  to  allow  the  roots  to  drop  off  and  then  staii 
the  team  and  hold  the  implement  in  the  air  until  it  has  passed  over  tM 
pile  of  roots.  For  the  past  year  most  of  our  energies  have  be<t 
directed  to  securing  a  more  satisfactory  implement  for  Vemoving  tM 
roots  from  the  soil.  We  have  found  that  the  teeth  of  the  implement 
must  be  close  enough  together  not  to  leave  a  space  over  3  inches  wid^ 
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between  the  tracks  of  the  teeth.  At  the  same  time,  when  these  teeth 
are  all  placed  in  one  row,  they  bank  up  the  soil  in  front  of  them  and 
do  not  allow  the  implement  to  pass  through  projierly.  On  loose, 
sandy  soil  the  teeth  in  the  same  row  must  be  at  least  6  inches  apart; 
on  ordinary  loam  soil,  9  inches;  and  it  is  probable  that  on  heavy 
clay  soil  they  w^ould  have  to  be  a  foot  apart.  From  plans  furnished 
by  Mr.  Gay  the  implement  shown  in  figure  4  was  constructed.  This 
implement  has  two  rows  of  teeth  so  set  that  when  viewed  from  the 
rear  the  teeth  are  only  4^  inches  apart,  but  it  did  not  remove  the  roots 
from  the  soil  nearly  so  completely  as  did  the  grass  hoe  (fig.  2). 
We  are  now  constructing  a  new  form  of  the  implement  shown  in 
figure  4,  having  three  rows  of  teeth,  those  in  the  same  row  l>eing  0 
inches  apart,  and  the  rows  so  set  that  the  teeth  make  tracks  only  3 
inches  apart.  As  soon  as  a  practicable  implement  has  l>een  evolved 
the  details  of  its  construction  will  be  made  public.  The  roots  col- 
lected by  the  teeth  of  the  root  digger  are  easily  dumped  by  tilting 
the  implement  on  end,  first  one  way  and  then  the  other.  The  tilting 
may  be  done  by  means  of  the  hajidles  without  stopping  the  team. 

In  the  course  of  these  investigations  several  different  types  of 
machines  have  been  constructed  and  tried.  One  of  these  was  con- 
structed on  the  prin- 
ciple of  the  ordi- 
nary sulky  hayrake, 
but  having  rigid 
steel  teeth  so  set  as 
to  draw  into  the 
loose  soil  about  4 
inches  deep.  The 
amount  of  labor  in- 
volved in  working 
this  machine  seems 
to  render  it  imprac- 
ticable; besides,  it  would  be  quite  expensive.  We  are  endeavoring  to 
evolve  an  implement  that  can  l)e  constructed  by  any  local  smith.  It 
is  probable  that  a  heavy  drag  harrow  could  be  made  to  take  the  place 
of  a  root  digger  such  as  that  used  in  these  experiments.  WTiile  it 
would  not  remove  the  roots  from  the  soil  so  completely  as  the  root 
digger  and  would  therefore  leave  more  hand  work  to  be  done  the  next 
Slimmer,  nevertheless  it  is  believed  it  would  be  practicable  to  eradicate 
Johnson  grass  in  this  manner. 

It  is  of  course  well  known  that  Johnson  grass  can  be  eradicated  by 
repeatedly  plowing  the  land  with  a  disk  plow  or  a  turning  plow,  but 
repeated  plowing  without  the  production  of  a  crop  is  an  expensive 
method  of  destroying  the  pest.    By  plowing  in  winter,  thus  leaving  a 


Fio.  4. — Root  digger  devised  by  Mr.  J.  B.  Gay. 
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large  proportion  of  the  roots  exposed  to  cold  weather,  the  stand  «f 
the  grass  can  be  reduced  very  materially. 

THB  PBODtTCnON  OF  HAT. 

It  is  the  writer's  belief  that,  with  the  adoption  of  thoroughly  nod- 
ern  methods  of  tillage  throughout  the  Johnson  grass  re^on,  it  may 
become  practicable  to  utilize  this  grass  for  the  production  ai  lav 
without  serious  interference  with  the  cultivation  of  other  crop&  FtU 
plowing,  treatment  with  a  root  digger,  or  perhaps  w^ith  a  heavy  cpib^ 
tooth  harrow,  combined  with  more  or  less  hand  pulling  the  next 
season,  will  so  reduce  the  stand- of  grass  that  it  will  be  sev^nl  years 
before  it  will  again  seriously  interfere  with  the  production  of  culti- 
vated crops.  The  land  can  then  be  allowed  to  go  back  to  Jcdiosou 
grass  for  two  or  three  years  for  the  purpose  of  hay  production,  thus 
adapting  it  to  a  rotation  of  five  or  six  years.  The  writer,  hawever, 
would  not  advise  any  farmer  to  sow  Johnson  grass  on  land  that  is 
free  from  it  until  more  is  know'n  about  methods  of  controlling  it  It 
is  very  unfortunate  that  a  grass  w^hich  will  produce  three  good  croj^ 
of  hay  in  an  ordinary  season  should  be  so  hard  to  control  as  to  render 
it  a  very  serious  pest. 


lulliy,  U.  S.  DepC  of  Agiicul 
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IV.-INOCULATION  OF  SOIL  WITH  NITROGEN-FIXING 

BACTERIA. 


By  A.  F.  Woods,  Acting  Chief  of  the  Bureau  of  Plant  Indntttry. 


OTTBODtTCTIOK. 

The  publication  of  the  results  obtained  with  pure  cultures  in  inocu- 
utiiig  leguminous  plants  has  resulted  in  a  very  great  demand  being 
aacle  upon  the  Department  of  Agriculture  for  inoculating  uiaterial. 
i?he  distribution  made  during  1904  was  for  the  purpose  of  obtaining 
.  large  number  of  tests  of  the  method  under  average  farm  conditions, 
ind  it  was  impossible  to  anticipate  the  demand  which  has  arisen  this 
pring  (1905),  the  total  quantity  prepared  for  spring  distribution 
laving  lx5en  promised  early  in  February.  It  is  expected,  however, 
hat  this  fall  and  next  spring  a  further  distribution  will  l)e  made  as 
Ear  as  our  limited  facilities  will  permit.  Statements  to  the  eifect 
:hat  the  Department  has  stopped  the  distribution  of  these  cultunrs 
iTc  therefore  erroneous.  Applications  for  future  distributions  should 
state  what  legume  is  to  be  sown,  time  of  sowing,  and  quantity  of  seed 
to  1x5  treated. 

THE  COMMEBCIAL  PBODtTCTION  OF  CXTIiTURES. 

The  patent  which  the  Department  of  Agi-iculture  holds  upon  the 
method  of  growing  and  distributing  these  organisms  was  taken  out 
in  such  a  way  that  no  one  can  maintain  a  monopoly  of  the  manufac- 
ture of  such  culturas.     It  is  held  in  the  name  of  Dr.  Oeorge  T.  Moore, 
who  developed  and  perfected  the  method,  as  dcscrilx^d  in  former 
publications.     Upon  application  the  Department  furnishes  without 
discrimination    all   necessary    information,   and    as   far   as   possible 
"starting"  or  foundation  cultures,  to  the  bacteriologists  representing 
experiment  stations  and  commercial  conctn*ns  which  claim  to  be  prop- 
erly equipped,  but  it  does  not  in  any  way  guarantee  their  product. 
It  is  not  likely  that  persons  without  expert  kuowledge  can  success- 
fully multiply  cultures  of  these  organisms  for  sale  or  distribution, 
and  it  is  undei^stood  that  anv  cultures  furnished  are  to  be  treated 
according  to  the  methods  devised  by  the  Department. 
Before  experimenting  with  any  bacterial  preparations  for  legumes, 

3S 
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the  farmer  should  study  thoroughly  the  soil  conditions  under  which 
the  use  of  cultures  offers  any  possibility  of  gain.® 

Briefly,  these  conditions  may  be  summed  up  as  follows: 

WHEN  nrOGTJLATION  IS  NECB8SABT. 

Inoculation  is  necessary — 

(1)  On  a  soil  low  in  organic  matter  that  has  not  previously  borne 
leguminous  crops. 

(2)  If  the  legumes  previously  grown  on  the  same  land  were  devoid 
of  nodules,  or  "  nitrogen  knots,"  showing  the  need  for  supplying  the 
nodule- forming  bacteria.  ^ 

(3)  Wlien  the  legume  to  he  sown  belongs  to  a  species  not  closely 
related  to  one  previously  grown  on  the  same  soil.  For  instance,  soil 
in  which  re^^  clover  forms  nodules  will  often  fail  to  produce  nodules 
on  alfalfa  when  sown  with  alfalfa  for  the  first  time. 

WELEN  INOCXTIiATION  MAT  PBOVE  ADVANTAaSOtTS. 

Inoculation  may  prove  advantageous — 

(1)  When  the  soil  produces  a  sickly  growth  of  legumes,  even 
though  their  roots  show  some  nodules. 

If  the  cultures  introduced  are  of  the  highest  virility,  their  use  will 
often  result  in  a  more  vigorous  growth. 

(2)  When  a  leguminous  crop  already  sown  has  made  a  stand,  but 
gives  evidence  of  failing,  due  to  the  absence  of  root  nodules. 

The  use  of  the  culture  liquid  as  a  spray  or  by  mixture  with  soil  and 
top-dressing  may  save  the  stand  if  other  conditions  are  favorable, 

WHEN  XNOGUIiATION  IS  XTiaiTSGESSABT. 

On  the  other  hand,  inoculation  in  imnecesHary  and  (^em  little  pro*^- 
peet  of  gain — 

(1)  Where  the  leguminous  crops  usually  grown  are  producing  up 
to  the  average  and  the  roots  show  nodules  in  normal  abundance. 

CultureH  of  7iit7\)(/en-fi.rin(/  bacteria  are  not  to  he  regarded  in  tht! 
light  of  fertilizers^  increasing  yields  under  all  average  conditions. 
They  do  not  contain  the  nitrogen  itself,  but  the  bacteria  make  it  pos- 
sible for  the  legumes  to  secure  nitrogen  from  the  air  (through  the 
formation  of  root  nodules),  and  w^here  the  soil  is  already  adequately 
supplied  with  these  bacteria  it  will  not  usually  pay  to  practice  any 
form  of  artificial  inoculation. 

(2)  When  the  soil  is  already  rich  in  nitrogen. 

It  is  neither  necessary  nor  profitable  to  inoculate  a  soil  rich  in  nitro- 
gen when  sowing  legumes.     Not  only  does  the  available  nitrogen  in 

»  FuUy  deHcribed  in  Farmers'  BuUctin  No.  214  of  the  Department  of  Agricul- 
ture, which  will  be  sent  without  cost  ut)on  application  to  any  Senator,  Repre- 
.sentative,  or  Delegate  in  Congress*  or  to  the  Secretary  of  Agriculture. 
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the  soil  render  the  formation  of  nodules  less  necessary,  but  nitroge- 
nous materials  in  the  soil  largely  prevent  the  bacteria  from  forming 
nodules. 

Any  increased  virility  in  nitrogen-fixing  power  posse&sed  by  any 
types  of  bacteria  yet  distributed  may  be  rapidly  lost  in  a  soil  con- 
taining an  abundance  of  nitrogen,  because  the  bacteria  are  rapidly 
multiplying  in  a  medium  in  which  there  is  no  premium  on  vigor  in 
securing  atmospheric  nitrogen. 

WHEK  FAILT7BE  IS  TO  BS  EXPECTED. 

Inoculation  will  fail  where  other  conditions  (aside  from  the  need 
3f  bacteria)  are  not  taken  into  account,  as  the  following: 

(1)  In  soil  that  is  acid  and  in  need  of  lime. 

Liming  to  correct  acidity  is  as  important  for  the  proper  activity  of 
the  bacteria  as  for  the  growth  of  the  plants. 

(2)  In  soil  that  responds  in  a  marked  way  to  fertilizers,  such  as 
potash,  phosphoric  acid,  or  lime. 

The  activity  of  the  bacteria  in  securing  nitrogen  from  the  air  and 
rendering  it  available  to  the  legumes  does  not  do  away  with  the  need 
for  such  fertilizing  elements  as  potash  and  phosphorus. 

(3)  It  must  also  be  remembered  that  inofrulation  doen  not  "  act  like 
nagic; ''  it  will  not  overcome  results  due  to  bad  seed,  improper 
preparation  and  cultivation  of  ground,  and  decidedly  adverse  condi- 
tions of  weather  or  climate. 

In  the  use  of  cultures,  also,  failure  is  almost  certain  where  the  direc- 
ions  are  not  carefully  studied  and  intelligently  followed. 

(4)  As  the  physics,  the  chemistry,  and  the  biology  of  soils  are 
studied  in  the  lalx)ratory  and  by  means  of  actual  field-plot  trials  to 
letermine  yield  and  quality  of  crops  and  the  effect  of  one  crop  on  the 
following  crops,  the  very  great  complexity  of  soil  and  farm  manage- 
nent  becomes  more  manifest. 

The  value  of  pure-bred  bacteria,  whether  associated  with  the  crop 
»  existing  independently  in  the  soil,  as  is  true  of  fertilizers,  can  not 
>e  predicted  with  certainty  on  any  soil  without  trial.  Success  on 
dmilar  near-by  lands  may  be  taken  as  good  evidence.  But,  unlike 
fertilizers,  bacteria  should  in  time  l)e  so  inexpensive  that  each  farmer 
ian  afford  to  try  them  for  each  leguminous  crop  on  each  field  or  soil 
:ype  on  his  farm.  The  methods  of  distributing  in  dried  form  and  the 
»sy  methods  of  multiplying  on  the  farm  in  sufficient  quantities  to 
noculate  fields  will  make  it  possible  to  have  all  fields  inoculated  at  all 
imes. 

OOST  OF  CtTLTTIRES. 

The  question  of  the  proper  price  for  the  commercial  product  is 
musing  considerable  inquiry  among  prospective  experimenters  and  is 
)f  importance.    The  expenses  vhich  a  commercial  concern  must 
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necessarily  meet,  such  as  rent,  heat,  light,  insurance,  postage,  adr^r- 
tising,  etc.,  aside  from  laboratory  assistance  and  clerical  hire,  mab 
any  comparison  with  the  cost  to  the  Government  of  similar  cultun^ 
difficult.  The  statement  that  the  cultures  cost  but  a  few  cents  an  am* 
refers  only  to  the  raw  materials  which  make  up  the  package.  It  ist 
more  than  probable  that  natural  competition  will  considerably  redw'e 
the  present  valuation  of  the  commercial  product,  and  the  wisdom  of 
patenting  the  Department's  methods  to  prevent  the  formation  of  a 
monopoly  is  already  demonstrated. 

INCBEASINa  CrULTU&ES. 

We  are  receiving  numerous  requests  from  persons  who  have  »?- 
cured  commercial  cultures,  as  well  as  those  sent  out  from  the  Depirt- 
nient  of  Agricultiuv,  for  information  as  to  the  methods  employed  in 
producing  a  large  quantity  of  liquid  culture  from  the  dry  culturr 
secured  as  a  starter;  that  is,  how  to  make  an  "acre  culture  "'^  do  for 
25  or  100  acres.  Such  methods  will  give  good  results  only  when 
special  precautions  are  taken,  and  on  this  account  have  not  lieen  fn*n- 
(Tallv  recommended.  The  contaminations,  such  as  veasts,  mold>,  etc., 
which  are  hound  to  occur  to  a  greater  or  less  extent,  are  apt  to  take 
possession  of  the  culture  solution  in  which  the  bacteria  are  being  mul- 
tiplied, and  unless  great  care  is  taken  in  thoroughly  sterilizing  all 
utensils  employed  the  resulting  culture  will  have  no  l)eneficial  efftn^. 
The  extra  time  re(|uired  to  secure  sufficient  growth  of  bacteria  in  10 
gallons  of  solution  from  a  dry  culture  originally  intended  to  prtKluce 
a  1-gallon  liquid  culture  makes  the  risk  from  contaminaticm  much 
greater  than  where  the  dry  culture  is  proportioned  in  size  to  t\\v 
larger  amount  of  solution.  If  a  growth  sufficient  to  cloud  the  solution 
takes  j)lace  within  two  days,  the  chances  of  s(»curing  an  efficie^it  cul- 
ture are  much  better  than  where  a  longer  time  is  taken;  so  that  the 
volume  of  solution  prepared  should  never  exceed  the  actual  rcMpiin^ 
ments  of  the  occasion. 

The  following  directions  are  based  on  nuiking  10  gallons  of  liqaid 
culture,  sufficient  to  inoculate  20  bushels  of  seed.  By  a  litle  conipv- 
tation  the  directions  may  l)e  adapted  to  5  gallons  or  to  any  intermedi- 
ate quantities. 

PBEPABING  AND  tTSING  THE  CaLTXTKB  BOLTTTION. 

To  prepare  the  culture  solution,  first  select  the  tub,  bucket,  or  other 
vessel  in  which  you  wish  to  grow  the  bacteria.  Clean  and  ncahl  it  out 
fhorouijlihj.  For  making  the  culture  solution,  rain  water  that  ha> 
been  thoroughly  boiled  and  allowed  to  cool  is  best,  though  any  gotxl 
drinking  water  will  answer.  Add  to  10  gallons  of  water  12  ounces  of 
either  brown  or  granulated  (preferably  granulated)  sugar,  1^  ounces 
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of  potassium  phosphate  (monobasic),  which  can  be  obtained  at  any 
drug  store,  and  one-sixteenth  ounce  (30  grains)  of  magnesium  sul- 
phate. Stir  until  dissolved,  then  carefully  open  the  small  package 
containing  the  bacteria-laden  cotton  and  drop  the  cotton  into  the  solu- 
tion. Do  not  handle  any  more  than  is  absolutely  necessary.  Cover 
the  tub  with  a  moist,  clean  cloth  to  protect  from  dust,  mold  spores, 
etc.  'Keep  in  a  warm  place,  but  never  let  the  temperature  rise  above 
blood  heat.  After  twenty-four  horn's  add  G  oimces  of  ammonium 
phosphate  and  allow  the  mixture  to  stand  for  another  twenty-four 
hmiirs.  The  liquid  should  now  be  cloudy  and  ready  for  use ;  if  suffi- 
cient growth  has  not  taken  place  to  bring  about  this  cloudiness,  fur- 
ther time  should  be  given,  not  to  exceed  a  few  days. 

To  inoculate  seed. — Use  enough  culture  liquid  to  moisten  the  seed 
thoroughly — about  one-half  of  a  gallon  per  bushel.  This  inoculating 
may  be  done  either  in  a  tub  or  trough,  or  by  sprinkling  the  culture 
liquid  on  the  seed  on  a  clean  floor  and  stirring  and  turning  the  heaps 
of  seed  with  shovels  until  all  are  thoroughly  moistened.  After  inoc- 
ulation the  seed  should  be  spread  out  in  a  clean,  shady  place  until 
sufficiently  dry  to  handle.  If  planting  is  not  to  be  done  at  once,  the 
seed  must  be  thoroughly  dried  to  prevent  molding.  In  dry  weather 
about  25  bushels  can  be  dried  in  half  a  day  on  300  square  feet  of  floor 
space.  To  do  this  there  must  be  several  open  windows  or  dcx)rs  to 
allow  a  free  circulation  of  air,  and  the  seed  must  be  frequently  stirred 
with  a  lawn  rake.  The  inoculated  seed,  if  thoroughly  dried,  may 
usually  be  kept  without  deterioration  for  several  months. 

To  inoculate  soil, — Take  enough  dry  earth  or  sand  so  that  the  solu- 
tion will  merely  moisten  it.  The  soil  should  be  preferably  from  the 
field  to  be  inoculated,  so  as  to  avoid  spreading  diseases  or  weeds. 
Mix  thoroughly,  so  that  all  the  particles  of  soil  are  moistened. 
Thoroughly  mix  this  earth  with  four  or  five  times  as  much ;  spread 
this  inoculated  soil  thinly  and  evenly  over  the  prepared  ground 
exactly  as  if  spreading  fertilizer.  The  inoculated  soil  should  be  har- 
rowed in  immediately  to  protect  the  bacteria  from  sunlight.  In  using 
this  method  allow  1  gallon  of  the  liquid  culture  to  4  acres  or  less. 

Either  of  the  methods  described  may  be  used,  as  may  be  most 
convenient. 

To  prevent  any  possible  delay ^  the  necessar^y  chemicals  should  be 
ordered  in  advance.  If  the  local  druggist  does  not  have  them  in 
stock,  he  can  doubtless  secure  them  within  a  reasonable  time. 

/  

KBEPINa  CXJLTTJBES  FOB  FOTtTBE  T7SE. 

The  question  is  frequently  arising  as  to  the  possibility  of  the  farm- 
er's keeping  over  cultures  from  one  year  to  another  by  soaking  up  a 
little  of  the  liquid  culture  in  cotton  and  drying  this  cotton.     This  pro- 


28  MISCELLANEOUS   PAPERS. 

posed  practice  is  not  to  be  adrined  in  any  case.  Contaminations  take 
place  so  readily,  and  once  started  spread  so  rapidly,  that  for  assured 
good  results  it  is  absolutely  necessary  to  start  with  a  pure  culture. 
The  pure  culture,  moreover,  can  only  be  prepared  by  a  trained  bac- 
teriologist with  laboratory  facilities.  These  cultures  in  the  dry  JState 
will  keep,  under  ordinary  conditions,  from  six  months  to  a  year. 

There  is  an  additional  reason,  fully  as  important,  which  makes  the 
above  method  impracticable.  The  cultivation  of  the  bacteria  for  any 
considerable  length  of  time  in  solutions  containing  ammonium  salts 
rapidly  lessens  their  infective  power  and  their  ability  to  gather  nitiw- 
gen  from  the  air,  so  that  transfers  or  new  cultures  made  with  absorb- 
ent cotton  from  the  cultures  prepared  for  field  use  would  contain 
organisms  of  reduced  efficiency.  It  is  partly  owing  to  these  factors 
that  it  is  impracticable  to  distribute  the  bacteria  in  liquid  cultures 
and  maintain  the  requisite  effectiveness. 

In  the  use  of  cultures  for  inoculating  soil  the  farmer  should  be 
guided,  as  in  all  other  mattere  pertaining  to  soil  treatment,  by  hi? 
own  peculiar  needs,  and  should  not  give  too  great  weight  to  the  expe- 
riences of  othei*s  whose  soil  conditions  may  differ  widely.  It  would 
he  unwise  to  invent  largely  in  any  new  method  for  increasing  plant 
growth^  whether  bacterial  or  of  any  otlier  nature^  without  preciondy 
experimenting  in  a  small  way. 

DANGEB  OF  INOCUIiATION  BY  BOIL  TBANBFE&. 

Satisfactory  inoculations  have  l)een  obtained  by  transferring  soil 
from  old  fields  on  which  the  legume  has  been  grown,  but  experience 
has  shown  that  there  are  dangers  incident  to  such  methods  of  soil 
transfer  which  it  is  wise  to  avoid. 

The  source  of  supply  of  such  soil  should  be  very  definitely  known. 
and  in  no  case  should  soil  be  used  from  fields  which  have  previously 
borne  any  crops  affected  with  a  fungous  disease,  a  bacterial  disea^« 
or  with  nematodes.  Where  a  rotation  of  crops  is  practiced,  it  is  often 
difficult  to  make  sure  of  this  factor,  so  that  the  method  of  soil  trans- 
fer is,  under  average  circumstances,  open  to  suspicion,  if  not  to  posi- 
tive objection.  Numerous  animal  and  plant  parasites  live  in  the  soil 
for  years,  and  are  already  established  in  so  many  localities  that  it  is 
nianife^stly  unwise  to  ship  soil  indiscriminately  from  one  portion  of 
the  country  to  another. 

The  bacterial  diseases  of  the  tomato,  potato,  and  eggplant,  and  the 
club-root,  brown-rot,  and  wilt  disease  of  the  cabbage,  all  more  or  less 
widely  distributed,  are  readily  transmitted  in  the  soil,  while  in  the 
South  and  West  there  are  the  wilt  diseases  of  cotton,  melons,  sweet 
potatoes,  cowpeas,  and  flax,  and  various  nematoid  and  root-rot  dis- 
eases which  might  easily  become  a  serious  menace  over  areas  much 
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larger  than  they  now  occupy  if  deliberately  spread  by  the  careless 
use  of  soil  for  inoculation  purposes.  There  are  several  insect  and 
fungous  diseases  of  clover  to  be  avoided,  and  various  diseases  of  beans 
and  peas.  There  is  also  a  disease  of  alfalfa,  the  "  leaf  spot,"  which  is 
causing  damage  in  some  regions.  These  are  only  a  few  of  many  dis- 
eases liable  to  be  transmitted  in  soils.  The  farmer  should  therefore 
be  on  his  guard.  The  danger  from  such  sources  is  by  no  means 
imaginary.  The  Department  of  Agriculture  has  had  specific  cases 
of  such  accidental  distribution  reported,  and  if  the  business  of  selling 
soil  for  inoculation  is  made  to  flourish  by  farmei*s  purchasing  with- 
out question  "  alfalfa  soil,"  "  cowpea  soil,"  etc.,  there  is  every  reason 
to  believe  that  experience  will  demonstrate  the  folly  of  such  hap- 
hazard methods. 

Of  scarcely  less  importance  is  the  danger  of  disseminating  noxious 
weeds  and  insect  pests  through  this  plan  of  inoculation  by  means  of 
soils.  Even  though  weeds  may  not  have  been  serious  in  the  first  field, 
the  great  numbere  of  dormant  seeds  requiring  but  a  slight  change  in 
surroundings  to  produce  germination  are  always  a  menace.  The  enor- 
mous damage  to  crops  caused  by  introduced  insects  and  weeds  should 
convey  a  warning  and  lead  to  caution.  It  is  not  the  part  of  good 
judgment  to  view  the  risk  as  a  slight  one  justified  by  the  end  in  view. 

FUB£-CT7IiTUBE  XNOCTILATIOK. 

The  extensive  experiments  carried  on  by  the  Department  of  Agri- 
culture during  1904  demonstrated  the  fact  that,  by  the  proper  use  of 
pure  cultures,  the  nodule  bacteria  are  actually  carried  into  the  soil  in 
such  a  way  as  to  form  root  nodules,  and  where  other  conditions  ai'e 
favorable  the  inoculation  thus  brought  about  makes  possible  the 
growth  of  each  legume  in  soils  where  it  had  previously  failed  from 
the  lack  of  bacteria.  The  original  cultures  used,  however,  nmst  be 
prepared  with  the  utmost  care  and  with  a  view  to  preserving  and 
increasing  the  natural  power  of  the  bacteria  as  ''  nitrogen  fixers  " 
leather  than  merely  to  make  them  grow  under  favorable  conditions. 
The  methods  devised  in  our  Laboratory  of  Plant  Physiology  are  bas(*d 
on  well-recognized  principles  of  plant  breeding  and  selection,  and 
mark  a  decided  advance  in  the  production  of  cultures  for  soil  inocu- 
lation. The  old  pure-culture  methods  were  not  effective,  for  reasons 
clearly  stated  by  Doctor  Moore  in  Bulletin  No.  71  of  the  Bureau  of 
Plant  Industry  and  by  Doctor  Moore  and  Mr.  Robinson  in  Farmers' 
Bulletin  No.  214. 

The  Department  of  Agriculture  is  continuing  the  work  of  develop- 
ing types  of  the  bacteria  associated  with  leguminous  plants,  which 
will  have  greater  activity,  collecting  from  the  air  more  nitrogen  per 
acre  than  forms  now  common  in  nature  or  available  from  laboratories. 
It  is  desirable  that  similar  investigations  should  be  conducted  with 
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reference  to  the  nitrogen-fixing  bacteria  existing  in  the  soil  independ- 
ent of  the  legumes,  tmportant  steps  have  already  been  taken  alcmg 
this  line,  but  the  very  large  demand  for  cultures  for  leguminous  crups. 
by  consuming  the  time  of  the  laboratory  force,  has  seriously  retarded 
these  investigations  during  the  past  year. 

The  Department  is  ready  to  cooperate  with  experiment  stations  amd 
commercial  firms,  to  give  and  to  receive  suggestions,  to  test  the  prod- 
uct of  others,  and  to  furnish,  as  far  as  possible,  cultures  to  be  tettted 
in  the  laboratorv  and  under  field  conditions. 

There  is  nothing  in  the  nature  of  the  processes  involved  which 
would  prevent  a  competent  bacteriologist,  after  some  exj^erience  in 
this  particular  field,  from  producing  cultures  of  as  high  a  grade  aj^ 
those  sent  out  by  the  Department,  and  every  assistance  will  be  given 
to  competent  persons  desiring  to  undertake  the  w^ork. 
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PREFACE. 


Efforts  to  produce  a  single-germ  beet  seed  have  created  considerable 
interest  among  sugar-beet  growers,  and  numerous  inquiries  have  been 
received  in  regard  to  the  progress  of  the  undertaking.  It  has  been 
considered  advisable,  therefore,  to  present  at  this  time  a  preliminary 
report  relative  to  this  work,  giving  a  brief  description  of  the  sugar- 
beet  flower,  single  and  multiple  germ  seed  balls,  and  the  methods 
employed  in  carrying  the  work  forward  from  its  inception  two  3'ears 
ago  until  the  present  time. 

It  is  encouraging  to  know  that  some  progress  has  been  made  toward 
the  solution  of  this  problem  and  undoubtedly  it  is  only  a  question  of 
time  when  beets  will  be  grown  commercial!}^  from  single-germ  seed. 

Acknowledgment  is  hereby  made  to  Mr.  T.  R.  Cutler,  manager; 
Hon.  George  Austin,  general  agricultural  superintendent,  and  Mr. 
Parley  Austin,  local  agriculturist  for  the  Utah  Sugar  Company,  for 
their  assistance  in  carrying  forward  this  work. 

A.  F.  Woods, 
Pathologist  and  Physlologlnt, 

Office  of  Vegetable  Pathologicat 

AND  Physiological  Investigations, 

Waslmigton^  D.  CI,  January  W^  1905, 
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THE  DEVELOPMENT  OF  SINGLE-GERM  BEET  SEED. 


INTBODT7CTION. 

Owing  to  the  importance  that  the  beet-sugar  industry  has  attained 
n  the  United  States,  and  to  the  possibilities  of  the  extension  of  sugar- 
leet  growing  and  beet-sugar  production  in  this  country,  it  is  desir- 
ble  that  every  effort  be  made  to  improve  to  the  fullest  extent  the 
[ualitj  of  the  beets  and  to  cheapen  in  every  way  possible  the  cultural 
processes  involved  in  sugar-beet  growing,  so  that  the  largest  returns 
ler  acre  may  be  obtained  at  a  minimum  cost.  The  first  part  of  this 
►reposition — the  improvement  of  the  quality  of  the  beet — depends  to 

large  extent  upon  the  proper  selection  of  beets  for  seed  production, 
i|X>n  improved  methods  of  cultivation,  and  upon  the  proper  relation 
f  the  plant  to  soil  and  climate.  The  second  part  of  the  proposition — 
he  cheapening  of  the  cultural  processes  relating  to  sugar  beets — may 
le  accomplished  either  by  skill  acquired  by  practice  in  performing  the 
rarious  hand  operations  so  that  a  greater  amount  of  work  of  a  given 
und  may  be  done  in  a  definite  time,  or  by  the  employment  of  labor- 
living  machinery,  or  by  so  changing  the  beet  or  the  seed  that  certain 
operations  are  no  longer  necessary. 

The  Department  of  Agriculture  has  in  view  the  accomplishment  of 
jhe  improvements  above  outlined,  and  it  is  believed  that  the  production 
rf  single-germ  beet  seeds  on  a  commercial  scale  will  do  much  toward 
reducing  the  cost  of  sugar-beet  production,  and  will  possibly  improve 
Ihe  quality  of  the  beets  in  one  or  more  directions.  It  is  the  purpose 
>f  this  preliminary  report  to  show  to  those  interested  in  the  subject 
he  progress  that  has  been  made  in  the  development  of  a  single-germ 
^t  seed  during  the  two  seasons  that  the  work  has  been  under  way. 

Mr.  Truman  G.  Palmer,  secretary  of  the  Beet  Sugar  Manufac- 
Httrers'  Association,  in  a  contribution  to  the  annual  report  on  the 
progress  of  the  beet-sugar  industry  in  the  United  States  *  discusses 
he   advantages   and  disadvantages  that  would  result  from  the  use 

«See  Pro|Brre88  of  the  Beet-Sugar  Industry  in  the  United  States  in  1902. — Report 
lo.  74,  United  States  Department  of  Agriculture,  pp.  141-152. 
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of  single-f^rm  beet  seeds,  and  while  tlio  olntacles  in  the  way  of 
employing  single-germ  seeds  on  a  conimfircial  scale  are  of  ijuffioient 
importance  to  demand  consideration,  there  is  no  rcaaon  to  suppoite 
that  these  obstacles  can  not  be  overcome,  m  Mr.  Palmer  has  sng^eiited. 
At  any  rate,  the  only  satisfactory  way  to  determine  the  practicability 
of  the  single-germ  seed  for  tjeet  production  is  to  produce  such  seed  in 
sufficient  quantity  so  that  it  can  be  tested  on  a  commercial  scale  in  com- 
parison with  multiple-seed  balls  under  the  same  conditions  of  soil  and 
climate. 

snraiiE  and  kuiiTiflii  oebie  bebi  sbed. 

The  term  "seed  ball," as  applied  to  beet  seeds,  implies  a  combination 
of  seeds  into  a  mass  having  a  more  or  less  rounded  appearance  (PI. 
I,  A);  hence,  the  term  "ball" 
can  not  properly  be  applied 
to  the  single-germ  l»eet  seed 
(PI.  i,  B).  Each  germ  arises 
from  a  single  floret ,  and  when 
the  flowers  are  in  clusters  of 
two  or  more  (fig.  1)  a  multi- 
ple-germ seed  arises;  whert^- 
as,  if  the  flower  stands  by 
itself  on  the  stem  (fig.  2)a  sin- 
gle-germ.seed  results.  If  two 
or  more  single  flowers  stand 
very  close  together  but  do 
not  arise  from  the  same  point 
as  in  the  case  of  flower  clus- 
ters, each  will  produce  a  sin- 
gle-germ seed  (PI.  II).  Kven 
if  the  flowers  are  so  close  to- 
gether that  the  seeds  sliglitly 
adhere  in  the  process  of  de- 
velopment, they  are  easily 
separated  and  readily  distinguished  as  single-germ  seeds  (PI.  Ill,  flower 
stalk  on  right  hand,  end  of  second  branch  at  left).  On  the  other  hand. 
the  component  parts  of  a  tnultiple-germ  seed  ball  adhere  so  firmly  that 
they  can  not  be  separated  by  any  known  procejss  without  great  dangrr 
of  injuring  the  germs.  It  appears,  therefore,  that  the  arrangement 
and  distribution  of  the  flowers  on  the  seed  stalk  determine  whetlwr 
the  seeds  are  to  be  single-germ  seeds  or  whether  they  are  to  be  part*! 
of  multiple-seed  balls.  One  can  determine  in  practically  all  ca-ses. 
even  before  the  flowers  are  open,  whether  they  will  produce  single- 
germ  seeds  or  whether  they  will  lie  parts  of  a  multiple-seed  ball. 


I.— Cturters  of  oloeed  and  paftly  open  b- 
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Atypical  i^inglc-gerni  beet  seed  b  a  five-pointed  rttar  possesdinga 
somewhat  flattened  appearance  (PI.  I,  li).  Aa  a  rule,  these  are  easily 
diutinguii^hed  from  the  multiple-germ  ueed  balls,  a?  uhown  in  Plate 
I,  A.  Frequently  the  poinb<  of  the  star  are  broken  off,  when  a  more 
careful  examination  in  necessary  to  determine  whether  the  seed  in 
question  contains  one  or  more  geiins.  A  close  examination  of  a  num- 
ber of  these  seeds  and  a  comparison  of  them  with  multiple  seeds  will 
soon  make  the  selection  of  single-germ  seeds  comparatively  easy. 

There  is  a  false  single-germ  seed  against  which  it  is  necessary  to 
guard  in  making  selection  of  the  single-germ  seeds.  This  false  single- 
germ  seed  arises  u.sually  from  what  would  have  been  a  double-germ 
seed  {PI.  VIII,  fig.  2)  had  not  one  of  the  seeds  failed  to  develop,  A 
more  or  less  close  examination  will  invariably  enable  one  to  determine 
which  is  the  false  and  which  is  the  true  single-germ  seed. 

The  careless  observer  often  makes 
the  mistake  of  supposing  that  the 
small  seeds  are  all  single  germs  and 
that  all  multiple  seed-balls  are  large. 
Some  seedsmen  have  made  the  asser- 
tion that  60  per  cent  of  the  seeds 
produced  by  beets  have  single  germs 
and  that  these  seeds  are  sifted  out 
and  discarded  from  the  commercial 
seed.  The  writers  obtained  a  sack  of 
the  siftings  from  a  quantity  of  com- 
mercial beet  seed,  as  they  had  }>een  in- 
formed that  these  sittings  were  com- 
posed of  nearly  allsingle-germ  seeds. 
A  (»reful  examination  of  this  seed 
was  made  and  the  different  sizes  were 

,     ,,  ,     .  ,         .  FiQ.  2— AsinglebeelBoivLTbud, 

separated  by  means  of  sieves  having 

6,  8, 10, 12,  and  U  meshes  per  inch.  (Sec  PI.  IV,  B  to  G.)  The  l■e•^ulta 
are  tabulated  for  convenience  to  show  the  percentage  of  singles  that 
were  caught  in  each  sieve,  while  in  Plate  IV  the  pefcenlage  of  single- 
germ  seed  is  roughly  indicated  by  the  number  of  singles  at  the  end  of 
the  second  row  in  each  set.  (See  Table  I,  p.  12.)  A  study  of  this  table 
shows  how  erroneous  is  the  common  impression  with  reference  to  the 
number  of  single-germ  seeds  that  are  present  in  commercial  seed. 
Many  of  the  single-genn  seeds  are  laiyer  than  many  of  the  multiple- 
germ  seeds,  as  shown  by  Plate  IV,  D,  compared  with  singles  shown  in 
groups  A,  B.  and  C.  In  practically  all  commercial  seeds  there  are 
a  few  single-germ  seeds,  but  an  examination  of  a  large  quantity  of 
commercial  seed  and  a  study  of  many  seed  beets  in  the  held  show  that 
the  number  of  singles  produced  by  the  ordinary  beet-seed  plant  is  very 
small.     (See  Table  III,  p.  22.) 


DEVKLOFMENT   OF   8[NOLE-tiERH    BEET   SEED. 
Tablk  I. — PeTcenJage  of  tingle-gemt  tefdK  frtim  rijUngx. 
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Poccenlwce o[ tingle gema 3      8, 8  '    K K  '    x. A        it 

The  singleu  that  remained  in  uieves  of  6  and  H  meshes  to  the  inch 

were  of  normal  size  and  well  filled;  thoije  that  remained  in  the  siev*?  of 

10  meshcM  were  small  but  well  filled;  those  left  in  the  12  and  14  mesh 

sieves  were  to  a  great  extent  not  filled  at  all,  while  others  were  siniply 

imQiatiire  flowers,  and, 


PiO.  S.— A  aitigle  beet  flover.    A,  sepal:  B.  ■ 


taken  all  t<^ther,  they 
conHtitutcd  hut  the 
small  i>erfentage  of 
7.34^con.iiderably  leas 
than  8  per  cent.  While 
we  have  no  way  of 
determining  what  hulk 
of  the  cleaned  seeA 
these  siftings  repre- 
sent, study  of  seeds 
obtained  from  ordi- 
nary beet  plant-i  lcad> 
to  the  conclusion  that 
they  do  not  represent 
more  than  one  twenty- 
fifth,  or  4  per  *ent.  of 
the  original  bulk.  If 
this  be  true,  and  on 
an  average  three  seeds  from  the  siftings  are  equal  in  weight  and 
bulk  to  one  commercial  seed,  the  following  conclusions  can  l>e  roat-bed: 

Percentage  of  singleM  in  ailtinKw  l.U  ;-HJ  (25-:  3) II.  »* 

Percentage  of  pingleB  in  commerciHl  seed - !*( 

Average  pen^eiitage  of  singles  in  ordinary  see<l 1.S4 

Thi«  is  somewhat  lower  than  the  jKircentagc  of  singles  on  the  plants 
selected  from  the  field  of  ordinary  seed  beetij.  (See  the  second  column 
of  Table  III.  p.  22.)  It  must  be  remembered  that  the  2.77  per  cent 
given  in  Table  III  is  the  average  of  singles  on  the  ten  best  plants  and 
not  the  average  of  all  the  plants  in  the  field. 

THE  BEET  FLOWER. 
The  beet  flower  consists  of  three  sets  of  organs  arranged  in  three 
whorls  {fig.  3).  The  outer  set  is  composed  of  five  green  parts,  called 
sepals  (fig.  3,  A),  which  are  attached  to  and  form  a  part  of  the  seed  coat 
In  the  early  stages  of  the  flower,  i.  c,  before  it  opens,  these  five 
sepals  inclose  and   protect  the   other   parts   of    the   Hower  (fig.  4). 


THE   BEET   FLOWER. 
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Th(»G  sepala  are  not  united  with  each  other  along  the  edges  except 
near  the  bat«!,  so  that  when  the  flower  opens  they  form  a  tive-pointed 
star  (tig.  3).  It  in  these  live  sepalfi  which  form  the  five  points  of 
the  star  when  the  seed  is  ripe  (PI. 
VIII,  fig.  4).  Thewe  parts,  as  well 
as  the  remainder  of  the  seed  coats, 
turn  brown  upon  the  ripening  of 
the  seeds.  The  second  set  of  or- 
gans consists  of  Bve  stamens,  one 
opposite  each  sepal  (fig.  3,  B).  Each 
stamen  consists  of  a  fine  stalk, 
called  a  filament  (fig.  5,  D),  and  on 
the  free  end  of  each  filament  is  a 
tack,  called  an  anther  (fig.  3,  B,  and 
fig.  5,  B).  The  anthers  contain 
the  pollen  grains,  a  few  of  which 
much  enlarged  are  shown  in  figure 
6.     There  are  thousands  of  pollen 

grains  produced  in  each  anther,  and      *""■  '-*  '^'^"'  ^^^^""" *^'' ' '^'""'" "" 
as  there   are  five  anthers  in  each 

flower  the  pollen  grains  produced  by  each  flower  are  almost  innu- 
merable, and  when  we  consider  that  each  plant  produces  thousands  of 
flowers  we  can  readily  understand  how  it  is  that  the  air  in  and  around 
a  field  of  seed  beets  at  flowering  time 
is  filled  with  the^e  grains. 

The  third  set  of  flower  parts  is  in 
the  center  of  the  flower,  and  is  called 
the  pistil  or  pistils  (fig.  3,  C,  and 
fig.  5,  C).  In  the  beet  flower  the 
pistil  is  composed  of  three  parts,  a^^ 
shown  in  figure  3,  C.  Just  at  the 
time  the  flowers  are  ready  to  open 
completely,  the  pollen  grains  be- 
come ripe,  i.  e.,  they  reach  a  stage 
of  development  when  under  proper 
conditions  of  warmth  and  moisture 
they  will  produce  what  are  called 
poUeu  tubes.  At  this  stage  of  the 
development  of  the  pollen  grains  the 
anthers  burst,  allowing  the  grains 
to  escape.  At  the  same  time  the 
three-parted  pistil  becomes  sticky 
and  some  of  the  pollen  grains,  carried  either  by  the  wind  or  by  some 
other  agency,  such  as  insects,  fall  upon  'the  pistil  and  remain  attached. 
This  transfer  of  pollen  from  the  anthers  to  the  pistil  i.s  the  process 
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koown  Hd  pollination.  Under  the  favorable  conditiona  already  nien- 
tioned  pollen  tubes  are  produced  and  grow  down  into  the  lower  part 
of  the  pistil,  where  the  contentu  of  a  pollen  tube  unite  with  the  odd- 
tents  of  the  lower  part  of  the  pistil  to  form  the  germ  which  is  dett- 
tined  to  produce  the  new  plant  (tig.  5,  E).  This  union  of  the  contentstrf 
the  pollen  tube  and  of  the  lower  part  of  the  pbtil  is  called  fertjlizatitn. 
This  brief  description  of  the  flower  parts  and  their  function  will, 
it  is  hoped,  serve  to  make  clear  the  terms  pollination  and  fertiliza- 
tion, without  some  knowledge  of  which  the  methods  employed  in  dot 


flower  selection  and  treatment  would  be  meaningless.  It  should  i 
clearly  understood  that  it  is  through  the  union  of  the  contents  of 
pollen  tube  with  the  contents  of  the  lower  part  of  a  pistil  that  the  genu 
which  is  to  produce  the  new  plant  is  formed.  The  pollen  grain  tbm 
utilized  may  originate  in  the  same  flower  which  it  fertilizes,  or  it  wm,J 
originate  in  one  flower  and  be  transferred  by  some  agency  to  the  pistl 
of  another  flower.  In  the  former  case  we  speak  of  this  proce<« 
close -pollination  or  close- fertilization,  as  the  case  may  he,  while  in  tb( 
latter  case  we  speak  of  it  as  cross-pollination  or  cross- fertilization. 
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THE  FIRST  SEED  SELECTION. 

As  soon  as  the  work  of  producing  single-germ  boet  seed  was  taken 
up,  the  various  methods  by  which  the  desired  results  might  be  reached 
were  considered  and  the  writers  arrived  at  the  conclusion  that  the  most 
satisfactory  results  could  be  attained  by  the  production  of  a  plant  that 
should  bear  only  single-germ  seeds  rather  than  by  any  process  which 
should  have  for  its  aim  the  separation  of  the  multiple-germ  balls  into 
the  several  seeds  of  which  they  are  composed.  Accordingly,  samples 
of  about  4  pounds  each  of  eight  of  the  leading  varieties  of  commer- 
cial sugar-beet  seeds  were  obtained,  and  all  the  single-germ  seeds 
were  carefully  separated  from  the  multiple-germ  seeds  in  these 
samples.  The  single  and  multiple  germ  seeds  were  counted  and  the 
percentage  of  singles  computed,  whereupon  it  was  found  that  the 
number  of  single-germ  seeds  consisted  of  a  little  less  than  1  per  cent 
(0.96)  of  the  entire  number  of  seeds  in  the  32  pounds  examined.  This 
calculation  does  not  determine  the  percentage  of  single-germ  seeds 
produced  by  beets  of  different  varieties,  but  serves  to  show  the  per- 
centage of  single-germ  seeds  that  are  present  in  our  ordinary  commer- 
cial seed  of  the  first  grade.  Subsequent  selections  and  calculations 
along  the  same  line  served  to  confirm  the  results  given  above.  The 
first  single-germ  seeds  selected  were  used  for  two  purposes:  (1)  For 
comparison  in  regard  to  germination  and  vitality  with  multiple-germ 
seeds,  and  (2)  for  the  production  of  seed  beets  in  the  greenhouse,  with 
the  hope  of  gaining  one  season  toward  the  solution  of  the  problem  of 
single-germ  seed  production. 

QEBMINATION  AND  VITAIilTT. 

A  comparison  of  the  germination  and  vitality  of  single-germ  seeds 
as  compared  with  multiple-germ  seeds  is  best  brought  out  by  means 
of  Table  II,  which  shows  a  distinct  difference  in  favor  of  the  single 
germ  seeds. 

Table  II. — Comparison  of  (jermination. 


Kind  of  seeds  used. 
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The  seedlings  from  the  multiple-germ  seeds  were  thinned  as  carefully 
as  possible,  but  the  difference  in  growth  was  distinctly  in  favor  of  the 
plants  produced  from  the  single-germ  seeds,  and  this  difference  held 
good  during  the  growth  of  the  plants.  Further  experiments  of  this 
kind  confirmed  the  results  shown  in  the  table,  viz,  that  the  single- 
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germ  seeds  sprout  in  a  shorter  time  than  the  s^^eds  in  the  multiple 
balls;  that  the  percentage  of  germination  is  higher,  and  that  the  plants 
produced  from  the  single-germ  seeds  possess  greater  vitality  than  those 
produced  from  multiple-seed  balls.  The  single  and  multiple  germ 
seeds  used  in  these  comparative  experinjents  were  taken  from  the 
same  lot  of  commercial  seeds. 

GBEEKHOXrSE  EXPEBIMENTS. 

Several  hundred  plants  from  single-germ  seeds  were  started  in  the 
greenhouse  in  December,  1903,  with  the  hope  of  obtaining  a  crop  of 
seed  the  following  summer.  The  plants  made  a  luxuriant  growth  andL, 
when  they  had  attained  a  weight  of  from  1  to  2  pounds,  water  was 
withlield  and  the  l)eets  were  left  to  ripen.  After  two  weeks  of  ripen- 
ing, nearly  all  the  beets  were  taken  up  and  siloed.  At  intervals  of 
several  weeks  some  of  the  siloed  beets  were  replanted,  but  the  results 
were  uniformly  negative,  so  far  as  the  production  of  seed  stalks  is 
concerned.  Etherizing  and  other  methods  of  inducing  the  plants  to 
produce  seed  stalks  were  resorted  to,  but  likewise  with  negative  results. 
It  was  therefore  necessary  to  depend  upon  field  planting  for  the  first 
crop  of  seed  beets.  ^ 

SEED  BEETS  IN  1908. 

In  the  spring  of  1903,  about  four  thousand  single-germ  seeds  were 
selected  from  commercial  seed  of  different  varieties  and  planted  on 
the  Arlington  Experimental  Farm  of  the  Department  of  Agriculture. 
Previous  to  planting,  the  seeds  were  photographed  in  natural  size 
(PI.  I,  B),  and  each  seed  was  given  a  number  which  corresponded  to 
the  number  given  the  plant  after  it  came  up.  The  ix)ws  in  which  the 
seeds  were  planted  were  20  inches  apart  and  the  seeds  were  dropped 
and  covered  by  hand  at  intervals  of  about  10  inches  in  the  row. 
Conditions  for  germination  were  favorable  and  fully  90  per  cent  of 
the  seeds  germinated.  Beets  grown  for  another  purpose  in  the  same 
field  from  multiple-germ  seeds  were  planted  with  a  hill  dropper.  The 
stand  in  both  cases  was  about  the  same,  but  the  additional  labor 
necessary  to  hand-thin  the  seedlings  from  the  multiple-germ  seeds 
was  in  marked  (^ontrast  to  the  rows  planted  with  the  single-germ 
seeds,  where  no  hand-thinning  was  required. 

In  actual  practice  it  is  not  proposed  to  plant  the  single-germ  seeds 
at  intervals  of  8  or  10  inches,  but  rather  2  or  3  inches  ajmrt,  so 
that  those  not  desired  can  be  cut  out  with  a-  hoe,  and  the  planting 

«The  term  ** mother  beet,*'  commonly  applied  to  beeta  uaed  for  seed  prodaction. 
implies  that  the  l)eet  flowers  borne  on  the  seed  stalks  possess  only  female  oigans, 
while,  AS  a  matter  fact,  each  flower  bears  both  the  male  and  the  female  oi^gans,  as 
f^hown  in  figure  3,  page  12.  It  is  therefore  suggested  that  in  the  place  of  the  expres- 
sion "mother  beet"  the  more  accurate  and  simple  term  **8eed  beet"  be  used. 
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will  be  done  bv  the  aid  of  a  planter  and  not  by  hand.  In  the  experi- 
mental ])lat  it  wjus  desired  to  give  every  beet  the  best  possible 
chance  to  develop  without  destroying  any  of  the  plants.  Unfortu- 
nately for  the  exi^eriraent,  a  part  of  the  ground  where  the  single- 
gi^mi  seeds  were  planted  had  been  previously  scalped,  i.  e.,  the  sod 
had  been  removed  and  with  it  practically  all  the  fertile  soil.  The 
natural  result  was  that  the  seeds  planted  on  this  spot  merely  ger- 
minated and  the  seedlings  died  from  starvation.  As  this  poor  strip 
of  ground  extended  across  one  end  of  the  rows  only,  most  of  the  ])lants 
from  each  variety  used  came  to  maturity'.  At  the  close  of  the  season 
aljout  one  thousand  beets  grown  from  the  single-germ  seeds  were 
selected  and  siloed  for  the  next  season's  seed  production. 

BEET  SEED  IN  1903. 

Since  the  production  of  sugar-beet  seed  had  not  been  previously 
andertaken  on  the  Arlington  Farm,  it  was  considered  advisable  to 
plant  a  few  seed  beets  in  the  spring  of  1903,  in  order  to  be  better  pre- 
pared to  deal  with  the  first  crop  of  seed  beets  from  single-germ  seeds 
during  the  season  of  inflorescence  in  1904.  The  two  principal  objects 
in  growing  the  trial  lot  of  seed  beets  were  (1)  to  detennine  whether 
or  not  beet  seed  could  be  grown  in  this  locality,  and  (2)  to  give  an 
opportunity  for  studying  the  arrangement  of  the  single  and  multiple 
flowers  and  their  distribution  on  the  flower  stalks. 

Accordingly  a  number  of  seed  beets  were  obtained  from  the  New 
York  Experiment  Station  at  Geneva,  through  the  kindness  of  Pro- 
fessor Churchill.  These  beets  were  received  at  Washington  in  good 
condition  and  were  planted  on  the  Arlington  Farm.  Practically^  all 
of  them  developed  seed  stalks,  flowers  were  produced  in  great  abun- 
dance, the  patch  swarmed  with  insects  during  the  flowering  season, 
and  the  weather  seemed  to  be  all  that  could  be  desired  for  the  proper 
pollination  and  fertilization  of  the  flowers;  but  when  the  seed  was 
ripe  it  was  found  upon  close  examination  that  less  than  5  i)er  cent 
of  the  hulls  contained  germs.  Plate  V  shows  two  types  of  the  seed 
titalks  produced.  For  some  reason  the  seeds  had  failed  to  fill,  and  it 
was  considered  inadvisable  to  undertake  an  experiment  that  depended 
for  its  success  upon  seed  production  in  a  locality  where  the  pro})abili- 
tics  were  that  only  a  very  small  percentage  of  the  seeds  would  till, 
even  under  the  most  favorable  conditions.  However,  the  flowers  that 
were  produced  upon  these  plants  enabled  us  to  study  thoAr  arrangement 
and  to  consider  the  methods  best  suited  to  the  accomplishment  of 
seed  selection. 

The  first  of  these  plants  to  bloom  (PI.  V,  plant  on  right  hand)  showed 
flowers  thirty -one  days  after  planting,  and  produced  nearly  all  two- 
seeded  balls,  the  exceptions  being  a  few  single-germ  seeds  which  were 
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formed  at  the  intersection  of  the  spikes  (PL  U),  and  near  the  tips  of  the 
spikelets.  In  fact,  this  arrangement  prevailed  in  all  the  plants,  as  fol- 
lows: On  all  spikes  that  bore  two-seeded  balls  there  were  found  at  the 
bases  of  most  of  the  spikelets  a  two-seeded  ball  on  one  side  at  the  inter- 
section and  a  single-germ  seed  on  the  other  side  (PI.  II),  and  later  in  the 
season  when  these  spikelets  were  farther  advanced  nmnerous  single- 
germ  seeds  formed  throughout  the  limb,  while  in  a  few  instances  the 
tips  were  thickly  studded  with  singles  for  several  inches.  But  these 
flowers  seldom  produced  seeds,  as  they  developed  too  late  in  the  sea- 
son. The  spikes  that  bore  multiples  of  4  or  5  seeded  balls  seldom 
produced  singles  even  at  the  bases  of  the  spikelets,  but  the  spikelets 
invariably  produced  balls  of  fewer  seeds  than  were  found  on  the  main 
spike.  If  the  spikelets  again  divided,  double-seeded  balls  and  single- 
germ  seeds  were  found  at  the  bases  and  sometimes  at  the  tips  of  these 
secondary  spikelets. 

CHANGE  OF  LOCATION  OF  EXPEKIMENTS. 

As  soon  as  it  was  found  that  the  production  of  sugar-beet  seed  in 
the  vicinity  of  the  District  of  Columbia  was  very  uncertain  it  became 
essential  to  select  a  suitable  location  for  the  continuation  of  the  work. 
At  this  time  it  became  necessary  for  one  of  the  writers  to  visit  a  large 
number  of  the  sugar-beet  sections  in  connection  with  some  other  beet 
work,  and  while  in  Utah  he  learned  that  sugar-beet  seed  had  been 
grown  by  the  Utah  Sugar  Company  at  Lehi  for  nine  consecutive  years 
without  even  a  partial  failure,  and  that  each  succeeding  year  the  are* 
had  been  increased  with  good  results.  This  company  very  cordially 
invited  the  Department  of  Agriculture  to  conduct  its  single-germ  beet- 
seed  work  and  such  other  sugar-beet  experiments  as  it  might  see  fit 
to  make  on  one  of  its  farms  located  near  the  outlet  of  Lake  Utah. 
The  soil  there  is  a  deep  rich  loam  and  is  irrigated  from  warm  springs 
which  supply  an  abundance  of  water.  The  conditions  thus  oflPered  for 
the  growth  of  sugar  beets  and  for  the  development  of  sugar-beet  seed 
seemed  to  be  all  that  could  be  desired,  and  the  invitation  to  locate  the 
experiments  at  this  point  was  gladly  accepted.  The  results  obtained 
indicate  that  no  mistake  was  made  in  the  selection  of  this  location  for 
the  continuation  of  the  sugar-beet  work. 

FBOGBESS  OF  THE  WOBK  IN  1904. 

PLANTING    AND    GROWTH  OF  THE   SEED  BEETS. 

In  April,  lOO-lr,  several  hundred  seed  beets  were  shipped  to  Lehi  and 
carefully  planted  under  the  supervision  of  the  Utah  Sugar  Company^s 
experienced  agriculturist,  Hon.  George  Austin.  Only  two  of  the 
plants  that  were  set  out  failed  to  live  and  less  than  1  per  cent  failed  to 
produce  seed  stalks.     The  beets  were  planted  in  rows  3  feet  apart  and 
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he  Kpace  between  the  plants  was  3  feet.  The  seed  stalks  were  numer- 
ous, strong,  and  well  supplied  with  flowers  that  eventually  developed 
irell-filled  seeds.  Early  in  June  the  writers  were  notified,  in  accord- 
mee  with  a  previous  arrangement,  that  the  flowers  were  nearly  ready 
o  open.  Accordingly,  they  left  at  once  for  Lehi,  where  the  flowers 
fere  found  in  the  best  possible  condition  for  the  work. 

ABRANGEMEXT  OF  SINGLE  FLOWERS. 

The  writers  had  previously  learned  that  the  single  and  multiple 
lowers  were  distributed  over  the  seed  stalks  with  more  or  less  regu- 
iirity  (PI.  111).  As  a  rule  the  single  flowers  destined  to  produce  single- 
jerm  seeds  were  located  at  the  joints,  i.  e.,  at  the  points  on  the  stem 
irhere  the  branching  takes  place.  That  there  is  a  great  difference  in 
seed  stalks  with  reference  to  the  number  of  branches  produced  is  shown 
in  Plate  V,  which  illustrates  some  of  the  types  of  seed  stalks  found  in 
Gelds  of  commercial  seed.  It  is  evident  that  the  seed  stalks  shown  in 
the  plant  on  the  right-hand  side  of  this  plate  are  much  more  f  recjuently 
branched  than  are  those  shown  in  the  plant  on  the  left-hand  side,  and 
consequently  have  more  points  at  whi(^h  single-germ  seeds  would  natu- 
rally form.  However,  if  single-germ  seeds  were  produced  onl}'  at  the 
bases  of  the  branches  the  total  number  would  be  small  compared  with 
the  number  of  seed  balls  produced  on  the  ordinary  seed  stalks. 

Not  infrequently  on  the  commercial  beet-seed  stalks  single  flowers 
Are  found,  and  later  single-germ  seeds  extending  out  on  the  branches, 
even  to  the  tips.  This  arrangement  of  the  single-germ  seeds  along 
the  sides  of  the  seed  stalks  was  found  to  be  still  more  common  on  the 
seed  stalks  produced  by  beets  grown  from  single-germ  seeds  (PI.  III). 
This  is  an  encouraging  indication  of  the  possibility  of  a  plant  pro- 
ducing single-germ  seeds  on  all  the  branches  throughout  their  entire 
length,  in  which  case  we  would  have  a  plant  producing  only  single- 
germ  seeds  and  at  the  same  time  bearing  seed  in  commercial  quantity. 

METHODS  OF  POLLINATION. 

It  is  entirely  possible  for  single  flowers  to  be  cross-fertilized  with 
pollen  from  flower  clusters  in  the  natural  process  of  fertilization. 
This  would  give  to  the  plant  produced  from  the  single-germ  seed  a 
tendenc}'  to  produce  flower  clusters  and  consequenth'  multiple-germ 
seeds.  Jn  order  to  avoid  the  danger  of  contaminating  the  single 
flowers  which  were  selected  for  seed  production  with  the  pollen  of 
multiple-germ  seeds  all  multiple  flowers  were  carefully  trimmed  away 
before  they  were  open  and  before  the  single  flowers  which  were  left 
on  the  stalks  had  opened.  Plate  VI,  figure  1,  shows  one  of  the  selected 
plants  after  the  multiple  flowers  were  removed. 

In  order  to  prevent  the  single  flowers  from  receiving  the  pollen 
that  might  l>e  floating  in  the  air  from  other  plants,  they  were  covered 
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with  paper  bags,  as  shown  in  Plate  VI,  figure  2.  If  it  was  desired  to 
cross-fertilize  the  single  flowers  they  were  carefully  opened  by  means 
of  a  needle  or  scalpel,  the  anthers  removed  before  the  pollen  wsa*  ripe, 
and  they  were  then  covered  with  the  paper  bags.  It  was  necessary 
to  uncover  the  flowers  from  time  to  time  to  see  when  the  pistil  was 
ready  to  receive  the  pollen. 

To  protect  the  flowers  at  such  times  against  stray  pollen  that  might 
be  floating  in  the  air  the  operator  covered  himself  and  the  plant  that 
he  was  pollinating  with  a  cloth  tent.  This  tent  was  supported  by  an 
iron  rod  fastened  to  the  back  of  the  operator.  Plate  VII,  figure  1, 
shows  one  of  the  tents  as  it  is  being  placed  in  position  and  Plate  VII, 
figure  2,  shows  tlie  tent  in  position.  When  the  pistil  was  in  condition 
to  receive  the  pollen  it  was  pollinated  by  means  of  a  cameFs-hair 
brush  and  the  paper  bag  was  again  placed  over  the  pollinated  flower. 
This  operation  was  carried  on  under  the  cloth  tent. 

If  close-fertilization  was  desired,  each  flower  to  be  pollinated  was 
covered  with  a  paper  bag  and  the  anthers  were  not  removed,  since  it 
was  desired  that  the  pistil  should  receive  the  pollen  from  the  same 
flower.  The  same  precautions  were  taken  in  excluding  other  pollen 
as  in  the  preceding  case. 

Another  method,  which,  for  want  oif  a  better  term,  may  be  called 
''bunch  pollination,"  consisted  in  covering  the  single  flowers  with 
paper  bags,  inclosing  several  flowers  in  the  same  bag  and  not  remov- 
ing any  of  the  anthers.  When  the  pollen  became  ripe  it  was  set  free 
from  the  anthers  but  could  not  escape  from  the  bag.  An  occasional 
shaking  of  these  flower  stalks  caused  the  pollen  to  lodge  upon  the 
pistils,  and  thus  the  flowers  were  pollinated.  It  was  certain  hy  this 
process  that  the  flowers,  which  were  in  all  cases  covered  with  the  bags 
before  any  of  them  opened,  were  pollinated  with  pollen  from  single 
flowers  only  and  from  the  same  plant  upon  which  the  seed  was  to  he 
produced,  but  it  was  not  possible  to  determine  whether  a  flower  had 
been  pollinated  with  its  ow^n  pollen  or  with  that  from  another  flower 
on  the  same  stalk.  However,  the  process  is  much  more  rapid  than 
either  the  cross-pollination  or  self-pollination  previously  described. 

By  utilizing  these  various  methods  of  pollination,  about  15,0(h) 
single  flowers,  produced  ])y  50  of  the  plants  tliat  possessed  the  highest 
numlier  of  single  flowers,  were  treated.  It  was  impossible  to  cut 
away  the  multiple  flowers  on  any  plant  without  removing  some  of  the 
single  flowers;  hence,  the  15,()()()  flowers  treated  do  not  represent  the 
total  number  of  single  flowers  on  these  plants. 

After  the  flowers  were  treated  and  covered  with  the  paper  bags, 
the  plants  were  protected  from  the  wind,  so  that  the  paper  Imgs  would 
not  be  blown  off,  by  covering  the  entire  plant  with  a  cloth  bag  made 
for  this  purpose.  These  bags  were  supported  by  four  strong  stake:« 
driven  into  the  ground  until  the\^  were  firm.     The  number  of  flowers 
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handled  was  limited  by  the  progress  they  made  in  opening;  i.  e.,  as 
soon  as  the  flowers  opened  so  that  there  was  danger  of  pollination 
taking  place  before  they  were  covered  with  the  paper  bags,  it  was' 
necessary  to  abandon  the  work.  The  period  that  elapsed  from  the 
time  the  buds  were  large  enough  to  work  until  the  flowers  had  opened 
so  that  further  work  was  impossible  was  about  three  weeks — from 
June  15  to  July  4. 

It  was  now  necessary  simply  to  go  over  these  50  plants  from  time 
to  time  and  remove  the  superfluous  growth  that  was  forced  from  the 
node^  as  a  consequence  of  the  excessive  trimming  due  to  removing 
the  multiple  flowers  and  the  branches  that  bore  them.  As  soon  as  the 
seeds  had  set,  the  paper  bags  were  removed,  but  the  plants  were  still 
protected  by  the  cloth  bags,  which  remained  over  the  plants  until  the 
seed  ripened. 

GATHERING  THE   SEED. 

Early  in  August  the  seed  was  ready  to  be  gathered,  and  that  from 
each  of  the  50  plants  was  kept  separate  and  a  record  made  of  the 
plant  from  which  it  was  obtained.  The  seeds  were  also  kept  separate 
with  reference  to  the  method  of  pollination.  Of  the  15,000  single 
flowei-s  treated,  about  10,000  set  their  seed  and  reached  maturity. 
These  will  be  carefully  planted  by  hand  at  the  proper  time  for  the 
production  of  the  second  crop  of  seed  beets,  from  which  the  writers 
hope  to  obtain  their  second  crop  of  seeds.  These  single-germ  seeds 
are  larger  than  similar  seeds  that  were  selected  for  the  first  planting, 
as  shown  in  Plate  VIII,  figure  4.  Plate  VIII  shows  the  comparative 
sizes  of  multiple  seed  balls  (fig.  1),  double  seed  balls  (tig.  2),  and  single 
seeds  from  the  same  plant  (figs.  3  and  4).  The  larger  growth  of  the 
seeds  shown  in  figure  4  is  pro])ably  due  in  some  measure  to  the  trim- 
ming that  the  branch  that  bore  these  seeds  received,  thus  throwing 
more  of  the  growth  and  vigor  of  this  branch  into  the  seed. 

PERCENTAGE   OF  SINGLE-GERM   SEEDS. 

As  already  indicated,  50  of  the  plants  that  possessed  the  highest 
number  of  singles  were  selected  for  the  special  pollination  work. 
Owing  to  the  method  of  treatment  already  described,  it  was  impossible 
to  determine  the  percentage  of  single  flowers  on  the  50  plants  that 
were  treated.  As  a  consequence,  it  is  impossible  to  compare  accurately 
the  number  of  single-germ  seeds  produced  by  these  50  plants  grown 
from  single-germ  seeds  with  the  number  of  singles  produced  by  plants 
grown  from  commercial  seed.  However,  after  selecting  the  50  plants 
for  this  work,  20  of  the  plants  remaining  that  showed  the  high- 
est jjercentage  of  singles  were  picked  out  and  all  the  seeds  from 
each  plant  were  carefully  saved  and  kept  separate.  From  a  field  of 
17  acres  of  beet  seed,  in  which  the  seed  beets  were  produced  from 
ordinary  commercial  seed,  10  plants  that  showed  the  highest  yield  of 
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single-germ  seed  were  also  selected  for  comparison.  The  seed  from 
each  of  these  plants  was  kept  separate  and  all  the  seed  of  each  plant 
was  carefully  saved.  These  results  are  embodied  in  the  following 
table,  together  with  the  results  previously  mentioned  in  regard  to  the 
percentage  of  singles  in  commercial  seed  and  in  sif tings: 

Table  III. — Comparison  of  percentages  of  single  and  multiple  germ  seeds  from  seledetl 

plants f  from  siftings,  and  from  commercial  seed. 


From  seed 
beets  thrown 
from  Hinglc- 

gcrin  seed. 

Prom  field 

of  ordinary 

beet  wed. 

From 
Biftingfi. 

From  com- 
mercial 
beet  seed. 

1 

0.25 
.212 
.21 
.145 
.122 
.114 
.106 
.098 
.092 
.082 

0.018 
.047 
.018 

.028 
.029 

.016 
.037 
.011 
.015 
.021 

A  v.. 0.143 

0.027 

0.0734 

0.0096 

It  will  be  seen  from  this  table  that  the  best  plant — i.  e.,  the  one  pos- 
sessing the  highest  number  of  single-germ  seeds  that  could  be  found 
in  a  field  of  17  acres  grown  from  commercial  seed — bore  4. 7  per  cent 
of  single-germ  seed,  or  a  little  less  than  one-twentieth,  of  all  the  seeds 
produced  by  the  plant,  and  the  average  for  the  ten  selected  plants  was 
less  than  one  thirty -fifth  of  all  the  seed  produced  by  the  plants.*  On  the 
other  hand,  the  number  of  single-germ  seeds  produced  by  the  next  best 
plant  after  50  of  the  best  ones  had  been  selected — i.  e.,  from  the  fifty-first 
plant — in  point  of  number  of  singles  was  25  per  cent,  or  one-fourth  of 
all  the  seed  produced  by  the  plant,  and  the  average  for  the  ten  plants, 
ranging  from  the  fifty-first  to  the  sixtieth  best,  was  a  little  legs  than 
one-seventh  of  the  seed  produced  by  the  10  plants. 

It  is  true  that  out  of  the  total  niunber  of  plants  grown  from  single- 
germ  seeds  and  used  in  this  selection  work  a  large  number  of  them 
produced  in  point  of  numbers,  so  far  as  could  be  determined  by  casual 
observation,  approximately^  the  same  quantity  of  single-germ  seeds 
that  were  produced  by  beets  growii  from  ordinary  multiple-germ  seed. 
It  must  be  remembered,  however,  that  all  the  seeds  wuth  which  the  firet 
planting  was  made  were  selected  from  commercial  seed,  so  that  nothing 
is  known  in  regard  to  the  plants  or  the  manner  of  the  pollination  of 
the  flowers  that  produced  the  seeds.  It  would  not  be  surprising  if  a 
large  nmnber  of  the  single-germ  seeds  found  in  commercial  seed  were 
produced  from  flowers  which  were  pollinated  and  fertilized  by  pollen 
from  flower  clusters  instead  of  from  single  flowers. 

« It  should  be  noted  that  this  proportion  represents  selected  plants  and  does  not 
show  the  percentage  of  single-germ  seeds  grown  on  ordinary  plants  taken  at  random, 
which  would  be  somewhat  lea.s  than  one  thirty-tifth. 
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CONCLUSION. 

It  is  the  purpose  of  those  having  this  work  in  charge  to  continue 
their  experiments  along  the  same  line  during  the  coming  season.  The 
writers  expect  to  produce  this  year  a  crop  of  seed  beets  from  their 
selected  single  germ  seed  and  to  silo  these  beets  in  the  autumn  for  next 
year's  seed  production.  Meantime  the  experiments  of  last  year  will 
be  repeated.  In  addition  to  this  repetition,  serving  as  a  comparison  of 
the  results  already  obtained,  it  will  give  this  season  a  crop  of  seed 
similar  to  the  seed  saved  last  year.  The  importance  of  this  precaution 
appears  when  it  is  remembered  that  it  takes  two  years  to  produce  a 
crop  of  seed,  and  that  any  accident  to  the  present  supply  of  seed 
would  cause  a  delay  of  two  years  unless  a  quantity  of  seed  beets  ready 
to  produce  more  seed  was  on  hand.  For  this  reason  it  is  planned  to 
repeat  each  year  the  experiments  of  the  preceding  season. 

As  soon  as  a  sufficient  quantity  of  single-germ  seed  has  been  pro- 
duced, the  writers  hope  to  conduct  comparative  experiments  with  sin- 
gle and  multiple  germ  seeds  in  different  localities  to  determine  the 
influence  of  soil  and  climate  upon  beet  production  from  single-germ 
seed  and  to  test  the  practica])ility  of  using  single  germ  beet  seed  on  a 
commercial  scale.  Further  reports,  showing  the  progress  of  the  work, 
which  must  necessarily  extend  over  a  considerable  period,  will  be  pub- 
lished from  time  to  time. 
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DESCRIPTION  OF  PLATES. 

Plate  I.  A.— ^Typical  multiple-germ  beet  seeds,  showing  some  of  the  variations  in 
shape  and  size  of  commercial  sugar-beet  seed  balls.  Natural  size.  B.— Sini?le- 
germ  beet  seeds  selected  from  commercial  seed,  showing  some  of  the  variatioM 
in  shape  and  size.     Natural  size. 

Plate  II.  Upper  part  of  flower  stalk  from  beet  plant,  showing  method  of  branchings 
and  also  size  and  arrangement  of  flowers,  both  single  and  in  clusters.  Natoial 
size. 

Plate  III.  Flower  stalks  from  which  the  flower  clusters  have  been  removed,  leaving 
only  the  single  flowern.  The  branch  at  the  right  is  the  same  as  that  shown  in 
Plate  II.  Some  of  the  flowers  on  the  branch  are  already  open;  hence  too  late  Uj 
bag  for  hand  pollination.  The  branch  at  the  left  has  all  the  flowers  still  claeed, 
and  is  ready  to  bag.  Some  of  the  single  flowers  stand  close  tc^ether,  as  showu 
at  the  top  of  branch  at  the  left,  so  that  in  the  cut  they  appear  like  doubles. 
Natural  size. 

Plate  IV.  Different  grades  or  sizes  of  sugar-beet  seed  obtained  by  taking  commerda] 
seed  sua  nhown  in  A  and  by  separating  the  so-called  siftings  into  the  gnuies  S, 
C,  I)f  E,  Fj  and  (7,  by  means  of  sieves  having  6, 8, 10,  12,  and  14  meshe$i  per  inch, 
respectively.  F  shows  the  material  too  coarse  to  pass  through  the  sieve  having 
14  meshes  per  inch,  and  G  shows  the  material  that  passed  through  the  sieve 
B  and  C  are  good  grades  of  small  seed.  D  contams  a  large  amount  of  ecetl  noi 
filled.  E  and  F  contain  only  a  few  seeds  that  are  filled,  and  numerous  immatnn 
floret^.  ^T  is  composed  mostly  of  broken  florets,  leaves,  and  stems.  An  attempt 
is  made  in  each  case  to  represent  the  percentage  of  singles.  This  can  be  dow 
only  approximately.  The  percentage  in  A  is  nearly  1;  in  ^,  3;  in  C,  8+,  in  Dl 
8-}-,  and  in  Fj  8—;  so  that  for  25  seeds  the  percentage  of  single  seeds  is  onlj 
approximately  correct. 

Plate  V.  Two  types  of  beet-seed  stalks.  The  one  at  the  right  is  much  mow 
branched  than  the  one  at  the  left  and  possesses  many  more  single-genn  seeds. 

Plate  VI.  Fig.  1. — Flower  stalks  with  multiple  flowers  removed,  leaving  only  th« 
singles  ready  to  be  bagged  for  hand  pollination.  Fig.  2. — Single  flowers  covered 
with  paper  bags  to  protect  them  from  foreign  pollen. 

Plate  VII.  Fig.  1.  Cloth  tent  l)eing  adjusted  to  cover  the  operator  and  the  plant 
uj)on  which  he  is  to  work.  Fig.  2. — Tent  in  position,  covering  the  operator  and 
plant  in  order  to  protect  the  flowers  from  foreign  pollen. 

Plate  VIII.  Various  forms  of  sugar-beet  seed.  Fig.  1. — Multiple  beet-seed  balb 
obtained  from  a  selected  plant  grown  from  single-germ  seed.  Natural  size. 
Fig.  2. — Double  l)eet-seed  balls  from  the  same  plant.  Natural  size.  Fig.  3.- 
Single-germ  beet  seed  from  a  branch  of  the  same  plant,  not  trimmed  and  ncA 
hand  pollinated.  Natural  size.  Fig.  4. — Single-germ  beet  seed  from  a  biandi 
of  the  same  plant  that  was  trimmed  and  hand  pollinated.  The  larger  size  mav 
be  due  to  the  trimming  away  of  the  multiples,  or  to  the  hand  pollination,  or  k 
both.    Natural  size. 
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Upper  Part  of  Flower  Stalk  FaoM  Beet  Plant. 


Upper  Parts  of  Flower  Stalks,  with  Only  Single  Flowers  Remaining. 
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A.— Commercial  Beet  Seeds.    B,  C,  D,  E,  F,  G.— Siftinos. 

Natural  Kize. 


n 


BuJ.  73,  Bureau  of  Plant  Industry,  U.  S.  Dept.  of  Agriculture  PLATE  VIM. 


Fig.  1 .— MuLTiPLE-QERM  Beet-seed  Balls. 


Fig.  2.— Double  Beet-seed  Balls. 
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Fig.  3.— Single-germ  Beet  Seed,  Naturally  Pollinated. 
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Fig.  4.— Single-germ  Beet  Seed,  Hand  Pollinated. 

VARIOUS    FORMS    OF    SUGAR-BEET    SEED. 

Natural  size. 


FiQ.  2.— The  PnicKLV  Pear  of  Texas.  Singed  with  a  Tohch. 
OLD    AND    NEW    WAYS    OF    SINGEING    CACTI. 
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U.  S.  Dkpartment  of  Agriculture, 

Bureau  of  Plant  Industry, 

Office  of  the  Chief, 
Wmhin^ton^  I).  CI,  December  11^^  lOOIf,. 

Sir:  I  have  the  honor  to  tiunsniit  herewith,  and  to  recommend  for 
iHiblication  as  Bulletin  No.  74  of  the  series  of  this  Bureau,  the  accom- 
panying manuscript  entitled  ''The  Prickly  Pear  and  Other  Cacti  as 
Food  for  Stock."  This  paper  was  prepared  by  Dr.  David  GriflSths, 
Assistant  A|jfrostoIogist  in  Charge  of  Range  Investigations,  and  ha8 
been  submitted  by  the  Agrostologist  with  a  view  to  its  publication. 

The  five  half-tone  plates  are  necessary  to  a  complete  understanding 
of  the  text  of  this  bulletin. 

Respectfully,  B.  T.  Galloway, 

Chief  of  Bureau. 

Hon.  James  Wilson, 

Secretary  of  Agriculture. 
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PREFACE. 


For  several  years  past  letters  have  been  coming  to  this  OflBce  regard- 
iig  the  forage  value  of  diflferent  species  of  cactus.  Some  two  years 
|{o  a  number  of  letters  were  received  in  which  the  writers  claimed 
agh  feeding  value  for  this  class  of  plants  when  properly  handled, 
fhe  fact  that  much  land  which  must  be  classed  as  desert  is  covered 
rith  a  considerable  growth  of  cactus  plants^  and  the  certainty  that  if 
bese  could  be  shown  to  have  forage  value  the  fact  would  render  use- 
ol  enormous  stretches  of  lands  which  are  now  even  worse  than  useless 
eemed  to  justify  investigating  the  subject. 

Our  first  efforts  were  to  collect  the  experience  of  those  who  had 
ised  prickly  pear  and  other  cacti  for  feed.  The  amount  of  informa- 
ion  secured  in  this  manner  was  astonishingly  large,  and  being  on  a 
flbjeet  which  had  hitherto  received  practically  no  attention  from 
bvestigators  in  this  country,  much  of  it  was  of  a  nature  to  create  some 
larprise.  The  information  thus  gleaned  is  here  presented  as  a  basis 
Ittr  further  work,  which  is  now  under  way.  While  the  opinions  of 
bose  who  have  had  experience  in  feeding  cactus  are  not  always  justi- 
ted,  they  are  nevertheless  suggestive  and  are  presented  in  the  foUow- 
ftg  pages  because  of  the  value  of  some  of  these  suggestions.  In  view 
rf  the  large  amount  of  information  collected  by  Doctor  Griffiths,  it  is 
lomewhat  remarkable  that  investigators  have  not  heretofore  recog- 
nized the  possibilities  evidently  existing  in  the  cacti  as  forage  plants. 
tt  is  shown  that  this  use  of  them  is  very  old  and  is  quite  general  over 
(large  extent  of  territory  in  this  country.  In  this  connection  it  may 
l)e  remarked  that  were  it  not  for  the  spines  on  this  class  of  plants  they 
^ould  probably  have  been  exterminated  long  ago,  and  there  is  some 
loiibt  whether  there  would  be  any  use  for  spineless  forms  in  the  future. 
It  is  practically  certain  that  under  no  circumstances  does  the  prickly 
pear  possess  as  much  forage  value  as  some  enthusiastic  feeders  claim 
for  it,  but  the  subject  is  certainly  worthy  of  the  investigations  that 
liave  been  undertaken.  The  principal  lines  of  investigation  now  in 
progress  are:  Chemical  composition  of  the  most  useful  forms,  methods 
Df  planting,  yield,  the  frequency  with  which  cacti  may  be  harvested, 
Varieties  and  their  distribution,  methods  of  preparation  and  feeding, 
md  the  value  of  these  plants  compared  with  other  forage  plants. 
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6  PREFACE. 

We  have  been  able  to  find  only  ver}'  meager  accounts  of  an}'  previous 
investigations  in  this  field.  A  little  has  been  done  in  Australia  aod 
in  India.  The  results  of  these  investigations  are  not  in  accord  witli 
the  experience  of  stockmen  in  this  country.  In  repoiling  on  feeding 
trials  in  India,  the  experimenter  says,  "The  result  of  our  extended 
and  thorough  trial  proves  conclusively  that  prickly  pear  has  hardly 
any  value  as  a  cattle  feed."  In  the  experiments  referred  to,  the  cactiK 
was  roasted  in  order  to  remove  the  spines.  The  experience  of  Amer- 
ican feeders  indicates  that  the  unfavorable  results  in  these  experimenfo 
may  be  due  to  the  method  of  preparation  of  the  material.  They  may 
also,  of  course,  be  due  to  differences  in  the  species  used,  but  the  fact 
that  practically  all  foims  of  cactus  found  in  this  country  make  very 
good  famine  feed  would  point  to  a  different  conclusion.  The  cattle  on 
experiment  in  these  investigations  in  India  at  no  time  consumed  over 
25  pounds  of  cactus  per  day,  while  numerous  instances  are  known 
where  cattle  in  this  country  have  eaten  100  pounds  or  more  per  day. 

It  would  seem  that  when  fed  with  a  limited  amount  of  cotton-seed 
meal,  properly  prepared  cactus  is  readily  eaten  in  large  quantities  and 
that  it  has  considerable  feed  value.  Prickly  pear  has  undoubtedly 
saved  many  herds  in  famine  years  and  thus  prevented  the  wiping  out 
of  the  ranchers'  capital— often  the  result  of  years  of  patient  labor. 

Other  publications  will  be  issued  as  the  investigations  now  in  prog- 
ress are  completed.  These  investigations  are  being  conducted  by  Dr. 
David  (Griffiths,  of  this  OflS^ce,  under  the  direction  of  the  AgrostologisU 
In  this  work  we  are  cooperating  extensively  with  the  New  Mexico 
Experiment  Station  and  with  a  large  number  of  stockmen  in  the  Souti- 
west. 

W.  J.  Spillman, 
Agrostologht  in  Charge. 

Office  of  Grass  and  Forage  Plant  Investigations, 

Washinyton^  D.  C,^  Deceml/er  5,  190^ 
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THE  PRICKLY  PEAR  AND  OTHER  CACTI  AS 

FOOD  FOR  STOCK. 


INTBODUCTION. 

In  the  arid  and  seiniarid  regions  of  the  United  States  the  rancher  is 
periodically  confronted  with  a  condition  of  drought  which  endangers 
the  well-being,  if  not  the  actual  existence,  of  his  flocks  and  herds. 
His  pastures  are  usually  taxed  to  their  utmost  capacity  during  average 
years,  and  when  a  season  of  famine  occurs  he  suffers  tremendous  losses 
by  death  of  animals.  Under  these  conditions  he  is  obliged  to  sell  when 
neither  his  stock  nor  the  market  prices  are  favorable  to  his  interests. 
Under  such  circumstances  it  is  sometimes  advisable  to  buy  hay  or 
grain,  but  the  prices  of  these  feeds  where  freight  rates  are  high  are 
often  prohibitive.  It  is  v^er\'  seldom  that  a  rancher  can  afford  to  feed 
hay.  at  $10  per  ton  to  stockers,  even  if  it  can  be  secured  conveniently. 

The  case  is  much  more  aggravated  when  the  haul  to  the  feeding 
grounds  is  long,  necessitating  a  considerable  expenditure  of  money  for 
hauling  the  same  expensive  feed.  This  latter  expense  may  often  be 
obviated  by  driving  the  stock  to  a  region  in  close  proximity  to  the 
feed;  in  other  words,  to  the  feeding  ground.  This  common  pi*actice 
in  the  West  is  a  very  important  factor  in  the  stock  business.  Stockers 
are  shipped  from  the  southwest  to  the  Pacific  coast,  Montana,  and 
Canada  to  take  advantage  of  feed  in  those  localities  when  it  is  unob- 
tainable in  the  southern  breeding  grounds.  The  practice,  while  com- 
mon, if  not  universal,  is  expensive,  because  of  the  long  distance  to 
feed.  Short  pasture  and  the  settling  up  of  the  intervening  regions 
render  driving  impracticable,  although  formerly  this  could  be  more 
easily  done.  The  large  holder  usually  has  a  knowledge  of  the  con- 
ditions which  prevail  in  other  sections  of  the  country,  and  his  superior 
experience  gives  him  a  decided  advantage  over  the  small  rancher,  who 
has  less  means  and  usually  less  knowledge  of  the  conditions  of  the 
country  at  large  at  his  command.  The  rancher  of  moderate  me^ns  is 
therefore  confronted,  during  years  of  famine,  with  the  alternative  of 
feeding  expensive  feed  or  selling  at  ruinous  prices  in  order  to  save 

his  stock  from  starvation. 
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It  is  to  meet  the  requirements  for  an  emergency  ration  for  these 
seasons  of  short  feed  and  to  call  attention  to  the  varied  uses  of  the 
cacti  that  this  bulletin  is  published;  and  it  is  hoped  that  it  will  answer, 
in  a  preliminary  way,  many  questions  which  are  asked  of  the  Depart- 
ment of  Agriculture  each  year  regarding  cacti. 

The  various  species  of  cactus  which  occur  in  the  arid  and  semiarid 
portions  of  the  country  are  well  adapted  to  the  purpose  of  feeding 
when  properly  prepared,  and  furnish  a  feed  which,  although  low  in 
nutritive  value,  is  inexpensive  and  will  tide  the  stock  over  a  period  of 
shortage. 

This  bulletin  is  based  upon  personal  observations  and  the  experience 
of  ranchers,  and  was  instigated  b}''  the  numerous  inquiries  and  pressing 
demands  which  have  been  apparent  for  the  past  few  months.  This 
publication  is  a  preliminary  one,  giving  a  general  exposition  of  the 
subject.  It  will  be  followed  later  by  several  technical  treatises,  which 
are  now  in  process  of  preparation,  dealing  with  carefully  planned 
experiments  upon  the  different  phases  of  the  subject.  Here  techni- 
calities are  avoided,  and  the  aim  in  writing  has  been  to  include  such 
information  as  has  been  secured  by  field  observations  and  inquiry 
among  ranchers,  dairymen,  teamsters,  and  others  having  experience 
in  the  premises.  The  paper  is  therefore  intended  to  be  popular,  sug- 
gestive, and  preliminary  to  more  technical  publications  which  are  to 
follow. 

HISTOBT. 

It  is  impossible  to  tell  where  or  when  the  feeding  of  pear  began  in 
Texas,  but  it  is  certain  that  the  practice  was  common  several  years 
before  the  civil  war.  There  are  people  now  living  who  can  remember 
distinctly  its  use  during  the  droughts  of  1857  and  1859.  From  this 
time  until  long  after  the  war  there  were  very  exten.sive  freight  trans- 
portations carried  on  between  Brownsville,  Indianola,  San  Antonio, 
Eagle  Pass,  etc.  Teaming  was  especially  heavy  in' this  region  during 
the  civil  war,  when  Brownsville  and  Matamoras,  Mexico,  became 
bustling,  flourishing  cities,  built  up  by  the  teaming  trade,  which 
brought  the  products,  especially  cotton,  of  the  CSonfederate  States  to 
this  point  for  export — at  times  the  only  safe  outlet  for  the  products 
of  the  South.  By  far  the  greatest  amount  of  freighting  was  done  with 
oxen.  At  that  time  corn  was  not  produced  in  any  appreciable  quan- 
tities, and  any  other  grain  was  prohibitive  in  price.  Upon  their  long 
hauls  the  cattle  got  no  feed  but  that  produced  by  the  country  through 
which  they  passed.  This  was  meager  in  localities  and  often  poor 
everywhere.  It  is  said  that  the  teamster  considered  himself  for* 
tunate  when  there  was  pear  to  be  had,  and  there  was  plenty  of  it 
on  many  of  the  roads.  The  teamsters  at  this  time  scorched  the  pear 
by  burning  brush,  and  chopped  or  slashed  it  with  ax,  spade,  or 
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niachcte.     This,   together  with  such  dry  grass  and  browse  as  the 
reg'ion  afforded,  was  all  the  feed  tliat  the  cattle  obtained. 

It  is  quite  probable  that  the  Americans  learned  the  use  of  prickly 
pear  from  the  Spanish  people,  who  appear  to  have  learned  its  value 
and  practiced  feeding  it  long  before  it  was  employed  for  that  purpose 
in  this  country. 

GSOOBAPHIGAL    DISTBIBTTTIOK    OF    EGOKOMIG    CACTI   IN    THE 

UNITED  STATES. 

Roughly  speaking,  we  may  designate  the  northern  boundary  of  the 
cactus  area  in  this  country  as  follows:  From  the  Texas-Louisiana 
line  westward  on  the  thirty-third  degree  of  north  latitude  to  the 
Texas-New  Mexico  border;  thence,  northward  to  the  thirty-ninth 
degree  of  north  latitude;  thence,  westward  along  this  parallel.  In 
describing  the  boundary  in  this  manner  it  is  to  be  understood  that  only 
a  very  small  fraction  of  the  area  of  the  United  States  south  of  this  line 
has  pear  or  other  cacti  in  suflS^cient  quantity  to  be  of  economic  impor- 
tance in  a  state  of  nature.  Indeed,  the  areas  of  economic  cactus  in  this 
country  are  very  circumscribed,  although  they  are  scattered  over  a 
considerable  territorv. 

Outside  of  this  area  there  are  only  one  or  two  situations  where  the 
cacti  are  at  all  prominent,  and  they  never  grow  large  enough  to  be  of 
any  particular  value.  The  same  is  true  of  much  of  the  territory 
included  in  the  general  region  designated  above,  but  some  of  this  ter- 
ritory is  covered  with  growths  of  various  species  of  these  spiny  plants 
that  render  it  difficult  for  cattle  to  travel  through  them,  and  such 
growths  are  scattered  here  and  there  over  the  entire  region. 

The  cactus  region  par  excellence,  and  the  only  region  where  any 
great  amount  of  feeding  has  been  done  in  this  country,  may  be 
described  as  that  portion  of  Texas  situated  south  of  the  thirtieth  par- 
allel of  north  latitude.  In  this  region  the  species  of  prickly  pear  are 
sufficiently  abundant  and  the  grasses  so  scarce  during  portions  of  the 
3'ear  that  the  stock  industry  becomes  almost  dependent  upon  the  pear 
for  its  existence.  It  is  estimated  by  many  ranchers  that  one-half  less 
fest<>ck  would  have  to  be  handled  by  them  were  it  not  for  prickly  pear. 

In  the  general  cactus  region  outside  of  southern  Texas,  cactus  from 
an  economic  point  of  view  occurs  in  limited  areas  only.  Arizona, 
Now  Mexico,  and  southern  California,  while  often  spoken  of  as  great 
cactus  regions,  have  only  comparatively  small  areas  where  any  of  the 
species  grow  in  sufficient  abundance  to  render  them  of  any  commercial 
importance  in  a  condition  of  nature.  These  States  have  many  botani- 
cal species  of  great  interest,  but  in  many  cases  the  number  of  indi- 
viduals is  small,  or,  if  numerous,  they  are  too  diminutive  to  be 
economically  prepared  for  stock  feeding. 

But  even  so,  there  are  many  areas  scattered  all  over  these  regions 
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wliere  some  of  the  various  species  occur  in  great  profusion,  giving  a 
re.se rve  food  supply  which  under  intelligent  use  can  be  made  immensely 
valuable,  even  if  the  plants  will  not  respond  readily  when  planted. 
The  experience  of  a  few  ranchers  in  the  vicinity  of  Magdalena,  N. 
Mex.,  the  Pinal  Mountains  and  Colorado  River  Valley  of  Arizona^ 
and  in  southeastern  Colorado  testifies  to  the  value  of  the  various  spe- 
cies of  cactus  as  emergency  rations  in  the  general  region  south  of  the 
thirty-ninth  degree  of  north  latitude  and  west  of  eastern  Texas. 

METHODS  OF  FBEBINa. 

In  Australia,  so  far  as  the  literature  of  the  subject  indicates,  steam- 
ing is  the  principal  method  of  utilizing  the  prickly  pear,  which  has 
been  introduced  and  widely  disseminated  in  that  country.  In  this 
country  various  methods  have  been  developed  independently  in  the 
several  cactus  regions,  and  apparently,  at  least,  without  knowledge  of 
the  practices  in  vogue  in  other  sections.  The  greatest  progress  in 
this  line,  however,  is  exhibited  in  the  vicinity  of  San  Antonio,  Tex. 

SINGEING  THE  SPINES. 

The  most  prevalent  practice  in  southeastern  Colorado  consists  in 
singeing  the  spines  over  a  brush  fire.  (PI.  I,  fig.  1.)  This  operation 
is  practicable  where  there  is  considerable  brush  or  wood  conveniently 
situated,  but  it  has  many  disadvantages.  The  plants  are  collected  and 
hauled  to  some  convenient  place,  where  a  fire  is  built.  A  brisk  fire 
will  remove  the  spines  from  one  side  of  the  joints  almost  instantly. 
It  is  then  necessary  to  turn  the  plants  over  and  bum  them  again  on 
the  other  side.  Some  careful  feeders  often  leave  the  plant  on  the  fire 
until  much  of  the  outside  has  turned  black  from  the  heat,  in  order  to 
insure  the  removal  of  the  short  as  well  as  the  long  spines.  Others 
exercise  less  care,  and  simply  allow  the  flames  to  pass  over  the  plant, 
burning  off  only  the  distal  h^lf  or  more  of  the  long  spines  and  leaving 
practically  all  of  the  short  ones  for  the  cattle  to  contend  with.  It 
often  happens  that  the  fuel  used  is  grease  wood  {Sarcobcttvs  vertni- 
culaliui)  or  shad  scale  {Atrlplex  cmieacens)^  the  young  shoots  of  which 
are  of  greater  nutritive  value  than  the  pear  itself.  On  the  arroyos 
and  washes  dead  cottonwood  timber  is  used,  while  in  many  localities 
juniper  furnishes  the  fuel. 

This  is  the  most  primitive  method  of  feeding  and  one  which  has 
been  practiced  in  Texas  since  before  the  civil  war,  and  is  still  very 
extensively  employed  not  only  in  Texas  but  also  in  old  Mexico,  where 
singeing  the  thorns  with  brush  is  about  the  only  method  employed  in 
feeding  prickly  pear  and  other  species  of  cacti. 
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SINGEING   WITH  A  TORCH. 

The  use  of  a  gasoline  torch  for  removing  the  spines  of  the  prickly 
pear  (and  it  is  applicable  to  other  species  of  cacti)  originated  in  Texas. 
(PL  I,  fig.  2.)  This  is  a  common  practice  in  vogue  upon  the  range, 
and  is  to  be  recommended  as  economical  in  both  the  utility  of  the  feed 
and  the  labor  of  preparing  it.  The  process  consists  in  passing  a  hot- 
blast  flame  over  the  surface  of  the  plant,  which  can  be  very  quickly 
done  at  small  expense.  The  spines  themselves  are  dry  and  inflamma- 
ble. In  many  species  one-half  or  two-thirds  of  them  will  burn  off  by 
touching  a  match  to  them  at  the  lower  part  of  the  trunk.  The  ease 
with  which  they  are  removed  depends  upon  the  condition  of  the  atmos- 
phere, the  age  of  the  joints,  and  the  number  of  the  spines.  A  large 
number  of  spines  is  very  often  an  advantage  when  singeing  is  to 
be  practiced,  because  the  spines  burn  better  when  they  are  abun- 
dant. The  instrument  used  for  this  purpose  is  a  modified  plumber^s 
torch.  Any  other  convenient  torch  which  gives  a  good  flame  can  be 
employed,  the  eflS^ciency  depending  upon  the  lightness  of  the  machine 
and  the  ease  with  which  the  innermost  parts  of  the  cactus  plants  can 
be  reached  by  the  flame. 

In  southern  Texas  two  excellent  torches,  described  elsewhere,  are 
commonl}^  used  in  singeing  the  prickly  pear.  In  Arizona  one  or  two 
ranchers  consulted  have  used  an  ordinary  kerosene  torch  with  mod- 
erate success  in  handling  the  tree  cacti  of  that  region.  With  the  use 
of  these  machines  there  is  no  labor  involved  in  the  feeding,  except 
that  of  removing  the  spines  by  the  passage  of  the  blast  flame  over  the 
surface  of  the  joints.  The  cattle  follow  the  operator  closely^,  and 
graze  all  the  joints  which  have  been  singed. 

STEAMING. 

So  far  as  known,  Mr.  J.  M.  John,  of  lloehne,  Colo.,  is  the  only 
rancher  who  has  practiced  steaming  cactus  for  cattle  in  this  country. 
Mr.  John  discovered  by  accident  and  without  any  knowledge  of 
Australian  practices  that  the  spines  became  innoc»uous  when  moistened 
for  some  time.  He  happened  to  use  the  plants  in  the  construction  of 
a  dam,  which  soon  washed  out.  Upon  repairing  the  dam  it  was  dis- 
covered that  the  spines  of  those  plants  which  had  been  kept  wet  were 
perfectly  harmleas.  This  suggested  that  hot  water  or  steam  would 
accomplish  the  purpose  in  a  much  shorter  time.  Acting  upon  this 
suggestion  he  fitted  up  a  tank  and  -boiler,  which  happened  to  be  on 
hand,  for  the  purpose  of  steaming  the  cactus.  The  tank  employed 
was  an  open  one  holding  two  loads,  or,  approximately,  6,0<)0  pounds 
of  cactus.  In  order  to  prevent  the  loss  of  heat  as  much  i\s  possible, 
corn  chop,  which  was  to  be  fed  with  the  cactus,  was  poured  uj^on  the 
top  of  the  loaded  vat-     This  mixture  was  steamed  for  al>out  Um  hours, 
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allowed  to  stand  one  night,  and  fed  in  the  morning,  with  good  results 
during  one  or  two  winters.  It  should  be  stated  that  all  of  the  liquid 
was  lost.  This  was  a  pure  experiment,  adapted  to  local  conditions 
and  material  convenient  for  the  operations.  The  form  of  tank,  the 
length  of  time,  and  the  consequent  expense  of  keeping  up  steam,  couUl 
l>e  greatly  improved  upon. 

CIJOPPING   BY  MACHINERY. 

In  southern  Texas  there  have  been  some  rapid  advances  made  during 
the  Ia.st  twenty  years  in  the  matter  of  pear-handling  machinery. 
By  use  of  the  machines  now  in  vogue  pear  and  other  cacti  may  bo 
chopped  into  such  small  pieces  that  the  spines  are  rendered  innocuous 
by  the  abrasion.  The  two  machines  manufactured  for  this  purpose 
and  described  later  are  both  set  so  as  to  cut  the  pear  into  1-inch  to 
li-inch  pieces.  Owing  to  the  succulent  nature,  the  whole  thing  is 
practically  macerated  in  the  operation.  It  is  the  practice  to  set  these 
machines  up  in  the  pastures  convenient  to  pear  and  water.  The  pear 
is  cut  down,  hauled  to  the  machines  in  wagons  or  carts,  chopped, 
reloaded,  and  hauled  out  again  to  be  fed  in  troughs  constructed  for 
that  purpose. 

A  further  discussion  of  this  topic  will  necessarily  occur  in  connec- 
tion with  a  description  of  the  machines  and  their  operation. 

OTHER  CHOPPING   PEVICES. 

Many  feeders  in  Texas  hire  cheap  labor  to  chop  the  prickly  pjear 
with  machetes  or  spades.  A' small  quantity  of  the  pear  is  placed  in 
a  trough  or  a  pile  is  built  upon  the  ground.  A  machete  or  spade  is 
then  employed  to  slash  it  into  small  pieces,  when  it  can  be  more  read- 
ily eaten  by  the  cattle.  This  is  rather  a  poor  way  of  feeding,  for  the 
spines  are  only  imperfectly  gotten  rid  of,  and  the  cattle  consequently 
get  their  mouths  so  full  of  them  that  after  a  time  they  are  unable  to  eat 
at  all.  The  practice  does  get  rid  of  some  of  the  spines,  however,  and 
stock  are  able  to  eat  the  pear  much  better  when  prepared  in  this  way 
than  in  the  natumi  state. 

REMOVAL  OF  THE   EDGE   OF  THE  JOINTS. 

All  pastors  (herders)  carry  machetes  as  a  part  of  their  equipment 
in  all  prickly-pear  regions  of  Texas  and  Old  Mexico.  With  this  most 
useful  Mexican  instrument  they  very  dextrously  lop  off  the  edge  of 
the  pear  joint  for  the  purpose  of  giving  the  sheep  a  chance  to  get 
into  the  thickets  or  bunches  of  pear  to  better  advantage.  As  a  usual 
thing  the  greatest  number  of  spines  occur  on  the  edges  of  the  joints, 
the  more  effectually  prote(;ting  them.  The  pastors  simply  cut  off  an 
inch  or  two  of  this  spiny  portion  and  the  animals  are  then  able  to 
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nibble  at  the  cut  surface  without  serious  injury.  This  practice  has 
probably  done  more  toward  the  creation  of  impenetrable  thickets  than 
any  other,  for  a  large  number  of  the  pieces  which  are  cut  off  strike 
root  and  grow. 

HANDLING  THE   PLANTS. 

The  species  of  cactus  which  is  fed  in  southeastern  Colorado  is  one 
of  the  so-called  tree  cacti.  The  spines  are  very  numerous  upon  this 
species,  rendering  it  difficult  to  handle,  so  an  ordinary  fork  is  used  to 
collect  and  handle  it  over  the  fire.  Some  feeders  employ  an  ax  in 
cutting  the  tree  down,  but  the  majority  of  them  use  a  fork  for  that 
purpose  also.  A  comparatively  small  pressure  of  the  fork  against  a 
large  limb  is  sufficient  either  to  break  it  off  or  cause  it  to  split  at  the 
crotch,  when  it  can  be  loaded  directly  on  the  wagon  which  is  driven 
along  for  this  purpose.  The  limbs  break  off  very  readily  when  they 
are  frosty.  If  collected  in  cool,  crisp  mornings,  therefore,  chopping 
is  not  necessary,  for  a  simple  pressure  of  the  fork  will  break  off  a 
large  limb.  An  average  load  upon  a  hay  frame  will  weigh  2,000  to 
3,000  pounds.  This  the  collector  can  gather  and  throw  upon  the  wagon 
with  no  particular  attention  to  the  arrangement  of  the  plants,  as  with 


Fig.  1.— a  pear  fork. 


a  load  of  hay.  The  practice  in  vogue  requires  a  great  deal  of  handling. 
The  plants  are  first  loaded  on  the  wagon,  thrown  off  in  heaps,  forked 
over  at  least  twice  in  the  singeing,  and  then  thrown  out  to  the  cattle 
to  feed  upon.  This  makes  not  less  than  four  handlings.  The  feed  is 
comparatively  easy  to  handle,  however,  a  large  branch,  such  as  is 
usually  obtained,  weighing  as  much  or  more  than  an  average  forkful 
of  hay. 

In  southern  Texas  the  handling  does  not  differ  very  materially  from 
that  described  for  southern  Colorado,  except  in  unimportant  details. 
Here,  on  account  of  the  peculiar  influence  of  the  Mexican  labor 
employed,  the  methods  are  often  very  primitive.  Instead  of  a  fork,  a 
sharpened  or  forked  stick  is  often  used  in  gathering  and  hauling  the 
pear  of  this  region.  In  feeding  to  the  pear  choppers  a  stick  is 
invariably  employed,  on  account  of  the  danger  to  the  knives  of  the 
machine  when  an  iron  fork  is  used. 

In  some  cases  a  specially  constructed  fork  (fig.  1)  is  used  by  the 
freighters.  This  instrument  has  a  handle  much  like  an  ordinary 
pitchfork;  the  tine,  however,  is  single,  short,  stout,  and  sharply 
curved,  with  a  stout  buttress  or  projecting  arm  at  the  base  to  prevent 
the  soft  joints  through  which  the  instrument  is  thrust  from  sliding 
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upon  the  handle  when  raised  above  the  operator  in  the  act  of  pitching 
upon  the  wagon.  None  of  thase  was  seen  upon  the  ranges,  but  such 
forlis  were  commonly  used  by  the  wood  choppers  und  freighters. 

The  vast  majority  of  the  Mexicans  used  a  forked  stick,  and  this  is 
the  only  method  of  handling  which  was  observed  in  old  Mexico,  where 
pear  feeding  is  very  extensiveh^  practiced. 


So  far  as  the  writer  is  aware,  all  pear  machines  that  have  been 
inventexl — and  there  are  four  of  them — have  emanated  from  the 
country  tributar\'  to  San  Antonio,  Tex.  At  present  tbere  are  four 
machines  in  common  use,  two  choppers  and  two  torches,  as  descril>ed 
below. 

ORIGIN   OF   PEAR  MACHINERY. 

Dr.  W.  S.  Carruthers,  a  retired  army  surgeon,  is  said  to  have 
originated  the  idea  of  pear-cutting  machinery.  Doctor  Carruthers 
submitted  a  sketch  with  notes  to  a  foundryman  at  San  Antonio.  Tex., 
who  put  the  idea  into  mechanical  execution  about  1886  or  1887. 

The  first  machine  was  constructed  of  wood.  It  consisted  essentiallv 
of  a  vertically  mounted  revolving  wheel,  with  an  iron  band  shrunken 
upon  it  in  much  the  same  way  as  the  tire  of  a  wagon  wheel.  Knives 
for  cutting  the  pear  were  fastened  to  the  surface  of  this  wheel.  It 
was  not  essentially  different  in  principle  from  the  machines  of  more 
modern  construction.  Although  many  mechanical  improvements  on 
the  original  machine  have  been  made,  it  is  admitted  that  the  honor  of 
the  invention  belongs  to  Doctor  Carruthers,  who  not  onl}'  designed 
the  original,  but  was  the  first  to  operate  a  pear-cutting  machine. 

Mr.  T.  R.  Keck,  of  Cotoula,  Tex.,  who  was  associated  with  Doctor 
Carruthers  during  his  experimentation  with  his  first  machine,  reports 
that  the  first  machine  used  was  made  by  himself  out  of  boards  and  two 
old  hay  knives.  This  machine  was  used  one  winter  on  a  ver3'  small 
scale  as  an  experiment  in  testing  the  efficiency  of  pear  and  cotton-seed 
meal  for  fattening  cattle.  The  following  winter  about  5,()00  head  of 
cattle  were  fed  upon  cotton-seed  meal  and  machine-cut  pear.  Mr. 
Keck  reports  that  the  first  homemade  machine  was  used  in  1S85,  as 
nearly  as  he  can  remember. 

Since  the  invention  of  the  pear  choppers,  some  feeders  have  used 
some  of  the  stiindard  fodder  cutters  with  moderate  success.  It  is 
difficult  to  feed  pear  to  these  machines,  however,  for  they  are  not  run 
at  a  high  enough  rate  of  speed  to  get  rid  of  the  spines.  They  are  not 
suitable  for  handling  pear. 
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PEAR  CUTTERS. 

The  machine  shown  in  Plate  II,  figure  2,  consists  essentially  of  a 
.solid  cast-iron  wheel,  4  feet  in  diameter,  with  two  knives  arranged  at  a 
narrow  angle  with  the  radius  on  one  of  its  faces.  Behind  each  knife, 
hollowed  out  of  the  face  of  the  solid  casting,  there  is  a  pocket  extend- 
ing the  length  of  the  radius.  The  front  face  of  this  wheel  is  plain, 
save  for  these  pockets,  which  receive  the  chopped  pear  and  carry  it 
out  of  the  machine.  These  are  li  inches  deep,  22  inches  long,  and  9 
inches  wide.  The  back  of  the  wheel  is  made  irregular  bj^  the  projec- 
tion of  the  knife  pockets,  radial  thickenings,  and  a  perimeter  2  inches 
wide,  for  strengthening  the  casting. 

The  knives  are  bolted  on  to  the  face  of  the  wheel  over  the  pockets, 
and  are  one-half  inch  in  thickness,  with  a  bevel  toward  the  wheel.  In 
revolving,  the  knives  pass  a  shear  plate  which  is  adjustable  and  bolted 
into  the  frame. 

The  wheel  is  supported  vertically  on  a  horizontal  shaft  running  in 
boxes  supported  on  a  wooden  frame.  The  wheel  is  operated  by  a  pair 
of  gears  with  a  ratio  of  5i  to  1,  the  shaft  of  which  is  squared  to  receive 
the  knuckle  of  the  horsepower  ground  rod.  The  main  shaft  also  has 
sprockets  for  the  operation  of  the  carrier  chain.  To  it  also  may  be 
attached  a  pulley  for  the  adaptation  of  steam  power.  When  the 
machine  is  set  up,  a  short  chute  is  bolted  at  an  acute  angle  with  the 
face  of  the  vertical  wheel,  in  such  a  position  that  it  terminates  in 
the  sancie  horizontal  plane  as  the  axis  of  the  wheel.  The  pear  is  forked 
into  the  chute,  fed  against  the  face  of  the  wheel  with  its  revolving 
knives,  and  is  cut  and  mashed  into  small  pieces.  The  chopped  mate- 
rial is  carried  down  in  the  pockets  and  dropped  into  a  carrier,  operated 
upon  the  same  principle  as  the  common  straw  stacker,  which  carries 
the  chop  off  into  whatever  receptacle  is  provided  for  it.  This  is 
isually  the  ordinary  wagon  box,  for  the  chop  is  hauled  directly  from 
the  machine  to  the  feeding  ground. 

The  machine  as  operated  by  Mr.  J.  C.  Glass,  of  Eagle  Pass,  Tex., 
has  a  few  labor-saving  devices  attached  to  the  regular  construction 
as  shipped  from  the  factory.  Upon  the  cutting  side  and  opposite  the 
horsepower  a  large  platform  about  3i  feet  high  is  constructed  to  reach 
up  to  and  partially  surround  the  wheel.  This  is  large  enough  to  hold 
one  day's  feed  of  uncut  pear,  which  is  thrown  on  to  it  from  wagons. 
From  this  platform  the  pear  is  fed  into  the  chute,  which  is  situated 
just  above  it.  Under  the  elevated  carrier  is  constructed  a  triangular 
box  of  about  the  same  capacity  as  a  double  wagon  box.  On  the  lower 
end  of  this  is  a  trap  gate  which  can  be  sprung  so  as  to  allow  the  chop 
to  slide  into  the  wagon  with  no  handling.  The  cost  of  the  machine, 
together  with  the  additional  construction,  is  about  $125, 
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The  machine  has  never  been  worked  by  Mr.  Glass  to  its  full 
ity,  but  an  estimate  can  be  made  of  its  efficiency  from  the  operations 
during  the  drought  of  1902.  At  that  time  an  average  of  seven  or 
eight  men  was  employed,  and  they  cut  pear  for  1,500  head  of  cattle. 
Ten  men  could  l>e  employed  to  better  advantage,  and  it  is  estimated 
that  this  number  could,  with  pear  conveniently  at  hand,  cut  a  full 
ration  for  2,000  head  of  cattle.  This  means  that  the  machine  would 
be  operated  ten  hours  a  day,  and  that  four  hoi'ses  would  be  neces- 
sary to  furnish  the  power.  The  machine  is  calculated  to  be  run  by 
two  horses,  but  four  operate  it  to  much  better  advantage,  especially 
if  heavy,  old  pear  is  used  and  a  largo  amount  of  material  is  to  be  cut* 

It  was  the  pi-actice  here  to  run  the  machine  only  about  six  hours  a 
day,  the  entire  crew  being  emploj^ed  in  cutting  and  feeding  and  in 
gathering  pear  from  the  field.  The  cutting  occupied  the  forenoon 
and  a  part  of  the  afternoon,  while  the  gathering  required  only  a  por- 
tion of  the  afternoon  of  each  day.  liy  employing  men  enough  both 
to  run  the  machine  and  gather  the  pear,  thereby  operating  the  machine 
ten  hours  a  day,  there  is  little  doubt  that  ten  men  could  feed  2,000 
cattle  a  full  ration.  Seven  men  constitute  the  operating  crew,  and 
three  ran  supi)Iy  them  with  pear  if  the  haul  is  not  too  great. 

The  machine  shown  in  Plato  III,  figures  1  and  2,  is  constructed 
throughout  of  iron.  It  has  a  36-inch  revolving  wheel,  in  which  three 
adjustable  knives  are  set  at  a  narrow  angle  with  the  radius  of  the  wheel. 
Behind  each  knife  are  set  cast-iron  pieces,  which,  lx)lted  upon  the 
wheel,  make  a  box  2i  inches  deep  opening  upon  the  periphery.  The 
entire  wheel  is  cased  in,  except  the  delivery  opening,  through  which 
the  chopped  |Knir  is  thrown  out  of  the  machine.  The  knives  cut 
against  a  shear  plate,  essentially  as  in  the  machine  first  mentioned,  and 
a  feed  hopper  or  <'hute  is  ])uilt  of  boards,  as  described  for  that  cutter. 
No  carrier  is  used  with  this  machine,  for  the  centrifugal  force  of  the 
revolving  wheel  throws  the  cut  material  30  or  40  feet.  A  back  stop 
10  feet  high  is  usually  built  to  stop  the  chop,  where  it  can  be  shoveled 
up  handily. 

If  the  cutter  is  run  with  an  engine  and  fed  steadily,  the  centrifugal 
force  delivers  the  chop  into  a  wagon,  but  with  a  horse  power  and 
unsteady  feeding  the  motion  is  not  uniform  enough  for  this,  and  the 
chop  must  be  shoveled  into  the  wagon.  The  wheel  makes  about  225 
revolutions  a  minuto  when  operated  by  four  strong  animals.  It  is 
claimed  that  it  will  chop  20,000  pounds  of  pear  an  hour. 

Mr.  T.  A.  Coleman,  of  Enidnal,  Tex.,  operates  this  cutter  with  an 
engine,  and  all  of  his  hauling  is  done  in  the  common  Mexican  ox  cart 
A  cover  is  constructed  of  lumber  to  fit  each  cart.  This  is  put  in  place 
and  fastened  down,  when  the  cart  is  backed  up  to  the  machine  in  such 
a  position  that  the  chop  is  delivered  into  the  rear  end,  which  is  left 
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open,  by  the  centrifugal  force  of  the  revolving  wheel.  In  this  way 
the  carts  are  not  only  thoroughly  but  uniformly  filled. 

While  the  pear  is  passing  through  the  machine  the  spines  become 
thoroughly  broken  up,  and,  being  lighter  than  the  pulpy  material,  are 
largely  winnowed  out  when  the  chop  passes  out  of  the  machine. 
Ranchers  report  that  this  is  very  noticeable  when  the  machine  is  in 
operation,  the  stream  of  broken  spines  and  lighter  material  being  quite 
effectually  separated  a  few  feet  from  the  machine. 

With  this,  as  with  the  other  machine,  it  is  necessary  to  build  a  plat- 
form and  a  feed  chute  from  which  the  pear  is  fed  with  sticks,  as  pre- 
viouslj^  described.  The  chute  is  in  the  form  of  a  flat  trough,  set  at 
an  angle  of '45  degrees  from  the  face  of  the  wheel,  its  base  being 
coincident  with  the  horizontal  diameter.  The  pear  to  be  chopped  is 
in  this  way  carried  into  the  machine  by  its  own  weight  for  the  most 
part,  but,  owing  to  its  straggling  method  of  growth,  its  passage  into 
the  machine  must  be  facilitated  by  the  use  of  crude  forks.  The 
machine  differs  from  that  shown  in  Plate  II,  figure  2,  in  being  con- 
structed of  iron  throughout,  in  being  smaller  and  more  compact,  in 
having  the  boxes  behind  the  knives  removable,  and  in  utilizing  the 
centrifugal  force  of  the  wheel  in  discharging  the  chop. 

Both  machines  are  reported  to  be  very  efficient.  There  is  but  little 
ahout  them  to  wear  out,  and  they  are  reported  to  last  indefinitely. 

PEAR   BURNERS. 

Pear  burners  were  first  manufactured  in  1898.  As  now  used  they 
are  essentially  a  modification  of  the  plumber's  torch. 

The  two  pear  burners  upon  the  market  are  very  similar  in  construc- 
tion and  are  both  efficient  machines,  ac(*ording  to  the  best  evidence 
that  it  has  been  possible  to  obtain.  The}^  consist  essentially  of  a  strong, 
well-riveted,  metal  tank,  which  in  actual  use  is  supported  upon  the 
shoulders  of  the  operator  b}^  a  strap;  a  long  delivery  pipe,  and  a  burner 
for  generating  and  consuming  gas  from  gasoline.  The  two  machines 
differ  only  in  minor  mechanical  contrivances  and  in  the  form  of  the 
burner.  It  has  been  found  by  experience  that  it  is  absolutely  essential 
that  the  tank  be  strongly  built  in  order  to  prevent  accident.  Several 
of  the  first  burners  used  were  too  light  in  construction  and  caused  seri- 
ous accidents.  It  is  said  that  one  or  two  men  were  killed  by  the  explo- 
sion of  the  tanks  and  the  burning  of  the  gasoline. 

The  distinguishing  features  of  one  of  the  pear  burners  on  the  market 
are  the  turning  joint*  of  the  delivery  pipe  and  the  simple  coiled-pipe 
burner,  which  is  covered  with  a  sheet-iron  cylinder  to  prevent  escape 
of  heat,  to  give  direction  to  the  flame,  and  to  protect  the  burner  in 
windy  weather. 

The  other  style  of  burner  differs  from  the  one  just  described  mainly 
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in  the  burner,  which  is  somewhat  more  complicated.  The  generated 
gas  in  this  machine  passes  through  a  chamber  filled  with  a  bundle  of 
fine  brass  wires  before  being  ignited.  It  also  has  some  saf et}^  arrange- 
ments for  insuring  the  heating  of  the  oil  and  consequent  generation  of 
gas,  which  are  claimed  to  have  merit. 

Both  machines  require  gasoline  for  their  operation,  and  are  handled 
to  best  advantage  with  a  good  quality  of  oil  and  in  weather  free  from 
wind. 

Practically  no  labor  is  necessary  with  the  burners  other  than  that  of 
passing  the  blast  flame  from  the  torch  over  the  surface  of  the  joints 
momentarily.  Indeed,  it  is  not  usually  necessary  to  do  this  with  over 
two-thirds  of  the  plant,  for  there  is  commonly  enough  dead  herbage 
at  the  base,  and  growing  up  through  the  pear  plants,  to  assist  in  burn- 
ing off  at  least  one-half  of  the  spines.  Bcvsides,  the  spines  are  com- 
monly less  numerous  upon  the  old  stems,  and  cattle  experience  but  little 
difficulty  in  eating  the  remainder  after  the  outer  two  to  four  joints  have 
been  freed  of  them.  The  process  of  singeing  the  joints  with  one  of 
these  machines  is  therefore  not  a  laborious  or  expensive  one.  Indeed 
it  is  by  far  the  cheapest  method  yet  devised  for  utilizing  the  prickly 
pear.  It  has,  however,  one  or  two  disadvantages  which  are  discussed 
later. 

Cattle  brought  up  in  pear  pastures  do  not  have  to  be  taught  to  eat 
pear.  They  take  to  the  feed  ver}^  naturally.  After  a  day  or  two  of 
feeding  the  sound  of  the  pear  burners,  or  the  sight  of  smoke  when 
pear  is  burned  with  brush,  brings  the  whole  herd  to  the  spot  immedi- 
ately, and  they  follow  the  operator  closely  all  daj'  long,  grazing  the 
pear  to  the  ground — old  wood\'^  stems  and  all — if  the  supply  that  the 
operator  can  furnish  is  short. 

PEAR  FOR  MILK  FB0DT70TI0N. 

It  is  universally  recognized  throughout  the  pear  region  of  .south- 
western Texas  that  the  plant  has  a  decided  tendency  to  increase  the 
flow  of  milk.  In  spite  of  the  fact  that  the  average  ranch  feeder  claims 
that  pear  is  of  little  or  no  value  in  the  summer,  there  are  hundreds  of 
people  who  feed  more  or  less  definite  quantities  of  this  plant  from  one 
year's  end  to  another.  It  is  always  used  as  a  supplementary  ration. 
Pear  alone  has  not  been  fed  to  a  great  extent,  for  it  is  recognized  that 
it  is  properly  a  supplementary  ration  to  a  more  concentrated  feed. 
Mr.  John  Bowles,  near  Eagle  Pass,  has  fed  pear,  with  hay  and  bran, 
to  a  milch  cow  for  the  past  three  years  and  would  not  think  of  discon- 
tinuing the  pi*acticc.  Some  dairymen  in  the  small  towns  where  pear 
is  ac(»essible  feed  it  regularly,  and  nearly  all  of  the  Mexican  families 
who  keep  a  cow  in  town  depend  upon  this  as  their  mainstay. 

One  example  of  very  successful  feeding,  where  somewhat  definite 
data  were  obtainable,  came  under  the  observation  of  the  writer  and 
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might  be  cited  here.  Mr.  Albert  Ingle,  of  Eagle  Pass,  Tex.,  keeps 
one  Jersey  cow  to  supply  milk  and  butter  for  faniih'  use.  The  cow 
has  the  run  of  the  commons  about  town,  })ut  the  pasturage  is  very 
short  the  greater  part  oi  the  time.  In  addition  to  what  she  can  pick 
up  in  this  way  she  is  fed  3  quarts  of  bran,  1  quart  of  cotton-seed  meal, 
and  all  the  singed  and  chopped  pear  she  will  eat.  Mr.  Ingle  was  feed- 
ing when  his  place  was  visited.  The  quantity  chopped  that  morning, 
he  stated,  was  an  average  one,  and  weighed  35  pounds,  which  amount 
was  fed  twice  each  da}'.  The  cow  at  the  time  was  raising  a  calf  and  fur- 
nishing milk  for  the  family,  and  was  in  good  milking  condition.  This 
shows  that  the  amount  of  pear  fed  was  large.  The  ration  each  day 
was  6  quarts  of  bran,  2  quarts  of  cotton-seed  meal,  70  pounds  of 
chopped  pear,  and  what  the  animal  was  able  to  pick  up  on  very  short 
range.  This  ration  is  kept  up  during  the  year,  except  when  the 
mesquite  beans  are  abundant,  when  no  pear  is  fed. 

The  experience  of  Mr.  Alexander  Sinclair  appears  to  be  exhaustive 
and  intelligent.  He  does  not  claim  for  pear  any  great  feeding  value, 
but  he  uses  it  entirely,  he  says,  for  the  succulence.  So  far  as  feed  is  con- 
cerned, even  roughage  of  some  other  kind  could  be  fed  cheaper,  but  as  a 
succulence  for  milk  production  there  is  but  little  that  can  be  secured 
during  the  winter.  Attempting,  as  he  does,  to  maintain  an  equal  milk 
and  butter  production  during  the  entire  3'ear,  green  feed  is  essential 
for  winter  use.  This  is  furnished  by  the  prickly  pear,  which  is  fed 
during  that  portion  of  the  year  when  there  is  no  green  feed.  During 
a  portion  of  the  summer,  succulence  is  secured  from  the  native  grasses. 
When  these  dry  up  green  sorghum  is  fed,  and  during  the  remainder 
of  the  year  prickly  pear.  In  spite  of  the  fact  that  the  range  feeders 
talx)o  the  pear  after  it  begins  to  grow,  Mr.  Sinclair  has  fed  it  well  into 
May  with  good  results. 

The  ration  of  a  cow  during  the  winter  is  about  as  follows:  Cotton- 
seed meal,  3  pounds;  brewers'  grains,  9  pounds;  pear,  100  pounds. 

Besides  the  above,  the  cows  have  the  run  of  brushy  pastures  and  are 
able  to  pick  up  much  in  t|ie  form  of  dry  gi-ass  and  browse.  The 
quantity  of  pear  fed  is  only  an  estimate,  but  is  thought  to  be  very  close 
to  the  amount  which  an  average  cow  gets.  Even  with  this  apparentl)' 
large  amount  of  pear  the  animals  never  get  all  they  want  of  it.  With 
this  feeding  the  milk  production  is  greater  in  the  winter  than  in  the 
summer  when  the  cattle  are  on  good  grass.  This,  however,  is  not 
considered  to  be  due  to  any  peculiar  advantage  of  the  pear  over  the 
native  grass,  but  rather  to  the  unfavora>)le  temperature  and  the  anno}'- 
ance  of  insect  pests  in  summer. 

Originally  it  was  the  custom  to  chop  the  pear  with  a  pear  cutter, 
but  during  the  past  winter  it  was  hauled  a  distance  of  six  miles, 
unloaded  in  long  rows  in  the  feeding  lots,  and  singed  with  a  pear 
burner. 
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Mr.  Thomas  Duggar,  of  Hoehnc,  Colo.,  has  fed  the  common  tree 
cactus  of  that  region  to  milk  cows  with  good  success.  The  informa- 
tion secured  from  Mr.  Duggar,  while  not  so  definite  as  that  which  one 
is  able  to  obtain  from  the  dairymen  around  San  Antonio,  Tex.,  where 
the  feeding  is  better  established  and  not  so  much  of  an  experiment, 
nevertheless  indicates  that  the  cane  cactus  of  this  region  is  probably 
as  good  feed  for  milk  production  as  pricklj^  pear.  Cactus,  singed 
with  biiish,  has  been  fed  with  a  good  quality  of  hay  for  two  or  three 
winters  with  what  is  considered  good  results.  Doubtless  some  con- 
centrated feed  stuff,  such  as  cotton-seed  products,  or  corn  chop,  Would 
add  very  materially  to  the  quality  of  the  ration  for  milk  production. 

SOME   DAIRY  RATIONS  INCLUDING   FEAR. 

The  practice  of  feeding  dairy  cows  upon  a  partial  ration  of  pear  is 
very  common — indeed,  general — in  the  entire  region  of  the  lower  Rio 
Grande,  and  as  far  north  as  San  Antonio,  Tex.  The  necessity  for  feed- 
ing this  plant  depends  upon  the  condition  of  the  seasons.  When  the 
winter  rains  are  abundant  and  gi'een  feed  is  plentiful  no  pear  to  speak 
of  is  fed;  but  during  a  dry  winter  it  is  resorted  to  as  the  most  economi- 
cal method  of  supplying  the  succulence  so  essential  to  the  maintenance 
of  a  good  flow  of  milk.  The  amount  fed  depends  largely  upon  the  quan- 
tity of  pear  available  and  the  labor  at  hand  for  handling  it.  In  some 
cases  which  have  come  under  the  writer's  direct  observation  the  pear 
has  been  hauled  six  miles  to  feed  to  dairy  cattle,  and  it  is  as  much 
prized  by  many  dairymen  as  any  other  part  of  their  f eedstuffs. 

Mr.  J.  W.  Statcher  feeds  100  dairy  cows  regularly  for  three  or  four 
months  during  the  winter.  The  feeding  begins  when  the  leaves  fall  off 
the  brush  in  the  autumn,  and  continues  until  they  appear  again  in  the 
spring.  The  ration  for  a  cow  is  about  as  follows:  Cotton-seed  meal, 
2  pounds;  cotton-seed  hulls,  8  pounds;  bran  of  wheat  or  rice,  1  gallon; 
singed  pear,  40  pounds;  the  run  of  brush  pasture. 

Mr.  J.  G.  Hagenson's  practice  does  not  differ  materially  from  that 
of  Mr.  Statcher.  Having  no  pear,  however,  he  buys  it  at  25  cents  per 
load,  a  load  consisting  of  about  2,000  pounds.  HLg  cattle  get  a  ration 
approximately  as  follows:  Bran,  9  pounds;  cotton-seed  hulls,  10  pounds; 
singed  pear,  30  to  40  pounds;  the  run  of  dry -brush  pasture. 

In  order  to  secure  a  better  idea  of  the  practices  in  vogue  in  feeding 
pear  in  the  vicinity  of  San  Antonio  than  time  for  personal  inquiry 
would  warrant,  a  circular  letter  was  addressed  to  several  dairymen. 
The  following  questions  and  answers  in  connection  with  the  above  dis- 
cussion give  a  good  idea  of  the  practices  which  obtain  and  the  estimate 
placed  upon  the  prickly  pear  of  the  region  as  a  succulence  for  milk 
production.    Answers  to  the  questions  proposed  were  furnished  by 
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several  dairymen.     The  following  are  considered   typical,  and  are 
reproduced  here  practically  in  full: 

(1)  Do  you  feetl  prickly  pear  to  your  dairy  herd?  How  many  years  has  this 
practice  been  followed? 

Arwtrers. — (a)  During  the  winter  months  only,  (b)  I  do  in  winter;  five  yean*. 
(r)  Yes;  for  fourteen  yearp.  (d)  Yes;  have  fed  off  and  on  for  a  number  of  years. 
(f)  Yea;  during  the  winter  time;  for  about  twelve  years.  (/)  I  have  fed  prickly 
pear  to  my  dairy  cows  for  nine  years. 

(2)  How  long  did  you  feed  during  the  past  winter? 

Answers. — (a)  About  fourteen  weeks,  (b)  All  winter,  (c)  All  winter,  (d)  Did 
not  feed  pear  last  winter,  because  other  feeds  were  very  cheap,  (e)  None  at  all.  (/) 
Did  not  feed  during  the  past  winter,  on  account  of  having  moved  to  a  place  where  it 
was  inconvenient  to  get  it. 

(3)  How  do  you  prepare  prickly  pear  for  feeding? 

Antu^ers. —  (a)  Make  brush  fire  and  burn  thorns  off.  (6)  I  use  a  pear  burner, 
(c)  Singe  the  thorns  off  and  cut  it  up.  (d)  I  run  the  pear  through  a  pear  cutter  and 
mix  with  cotton-seeil  meal  and  hulls,  (e)  Burn  the  thorns  off;  then  chop  in  small 
pieces.  (/)  I  first  burn  off  the  thorns  with  a  dry  brush  fire,  and  then  cut  into 
small  pieces  with  a  large  carving  knife. 

(4)  How  much  pear  do  you  feed  a  cow  each  day?  If  you  do  not  know  the  exact 
nomber  of  pounds,  estimate  it  as  closely  as  possible.  How  many  loads  per  day  do 
'you  feed  to  how  many  cows? 

Ariitwers. — (a)  I  feed  about  two-thirds  of  a  common  water  bucket  full  to  each  cow 
in  the  morning.  (6)  I  give  the  cows  as  much  as  they  can  eat  once  a  day.  {c)  About 
10  or  15  ];>ounds  per  cow.  (rf)  I  feed  1 J  bushels  to  a  cow  each  day.  (e)  One  load 
of  about  3,000  pounds  lasts  16  cows  about  three  days.  (/)  I  give  each  cow  about 
6  gallons  of  pear  cut  up  into  pieces  about  2i  inches  square. 

(5)  What  other  feeds  do  you  give  the  cows  with  pear?  How  much  of  each  kind 
of  feed  per  cow? 

AnstDers. — (a)  I  feed  cotton-seed  meal  and  bran,  (b)  Bran  and  cotton-seed  meal, 
(c)  One  quart  of  cotton-seed  meal,  1  peck  of  cotton-seed  hulls,  and  all  the  cane 
they  want,  (rf)  One  quart  of  cotton  seed,  1  quart  of  cotton-seetl  meal,  and  20 
pounds  of  hulls  per  day.  (e)  One  and  one-half  quarts  of  cotton-seeil  meal,  8 
quarts  of  wheat  bran,  20  pounds  of  cotton-seed  hulls.  (/)  I  give  my  cows  10  pounds 
per  day  of  a  mixture  of  cotton  seed  and  wheat  bran,  in  addition  to  the  6  gallons  of 
prickly  pear. 

(6)  Do  your  cows  have  the  run  of  any  pasture  while  you  feed  pear? 
Answers.— (a)  Yes.     (b)  Yes.     (r)  Yes.     (d)  No.     {e)  Very  little.     (/)  Yes. 

(7)  Do  you  consider  that  pear  influences  the  flavor,  odor,  or  quality  of  the  milk  in 
any  way? 

Ansivers, — (a)  It  does  if  fed  more  than  two-thirds  of  a  common  water  bucket  full  to 
each  cow  in  the  morning,  or  in  any  other  way.  Feeding  at  night  affects  the  odor  of 
the  milk  slightly  and  gives  butter  a  pale  color.  (6)  It  increasa*^  the  quantity  of  milk 
40  per  cent,  (c)  It  does  not  affect  the  flavor  or  color,  but  it  may  reduce  the  weight 
or  richness  of  it.  It  increases  the  quantity,  (d)  No;  I  do  not  think  it  influences  the 
flavor,  odor,  or  quality  of  the  milk  at  all  when  fed  as  I  have  mentioned,  (e)  When 
too  much  pear  is  fed,  and  not  enough  solid  feed,  the  milk  has  a  peculiar  odor,  is  very 
poor  in  quality,  and  blue  in  color.  (/)  Prickly  pear  does  not  injure  the  flavor  of  the 
milk.     It  increases  the  flow.     Cattle  are  very  fond  of  it. 

(8)  Do  you  have  pear  in  your  pastures,  or  do  you  buy  it?  If  you  buy,  how  much 
do  you  pay  per  loa<l? 
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• 
Answers, —  (a)  I  have  it  in  my  pastures.     ( 6)  I  have  pear  in  nij'  pastures,     (r)  Yw. 
{d)  I  buy  it  at  25  cents  per  load  and  haul  it  myself,     (e)  I  buy  my  pear.     It  onrt? 
me  25  cents  per  load  of  3,000  pounds.     I  haul  it  myself.     (/)     I  have  pear  in  my 
pastures. 

(9)  What  is  your  estimate  of  the  value  of  pear  for  milk  production? 

Anmi^ers, — (a)  I  consider  pear  very  valuable  as  a  feed,  and  it  is  a  good  milk  pro- 
ducer. It  is  very  healthful  to  be  fed  with  cotton-seed  meal,  etc.  (6)  [No  answer.] 
(r)  It  is  far  ahead  of  any  kind  of  hay  or  forage,  and  mixed  with  meal  or  bran 
nothing  can  beat  it.  ((f)  Is  a  good  milk  and  butter  producer,  (e)  A  very  good  feed 
when  you  have  no  roughage.  (/)  It  does  not  pay  to  buy  pear  unless  hay  is  scarce 
and  dear.  When  sorghum  hay  is  only  $7.50  per  ton,  as  it  is  now,  hay  is  cheaper  than 
pear  at  25  cents  per  load  when  you  have  to  haul  and  bum  it. 

( 10)  After  a  crop  of  pear  has  been  cut,  how  many  years  w4ll  it  take  for  another 
crop  to  grow  on  the  same  land? 

An^ivers. — (a)  About  two;  but  this  will  depend  a  good  deal  on  the  season.  Pear 
burners  are  discarded  by  some,  for  the  reason  that  they  destroy  the  plant.  (6)  The 
pear  begins  to  grow  the  following  year,  (r)  Three  years,  (d)  It  takes  from  three 
to  five  years  to  make  good-sized  pear,  (e)  I  do  not  know,  but  think  about  two  years. 
(/)  About  two  years. 

It  is  very  difficult  to  formulate  a  definite  opinion  regarding  the 
effect  of  pear  upon  the  qualit}^  of  milk.  There  appears,  however,  to 
be  a  very  well-established  opinion  that  it  produces  blue  milk  if  not  fed 
with  concentrated  feeds.  There  seems  to  be  a  great  diversity  of  opin- 
ion regarding  the  flavor  of  milk  from  pear- fed  cows.  Many  maintain 
stoutly  that  it  produces  a  slightly  bitter  taste,  which  is  less  noticeable 
when  a  good  ration  of  corn  or  cotton-seed  meal  is  added,  while  others 
defy  tests  that  will  detect  in  any  way  pear  milk  from  any  other  except 
by  its  poorer  quality  in  cases  where  the  amount  of  pear  fed  is  large 
and  the  entire  ration  is  of  low  nutritive  value.  Personally  the  writer 
has  been  unable  to  verify  any  of  these  opinions. 

PEAB  FOR  FATTENING  AND  MAINTAININa  CATTLE. 

Since  the  early  days  when  teaming  was  much  more  extensively  prac- 
ticed than  at  the  present  time,  the  bulk  of  the  pear  feeding  in  southern 
Texas  has  been  done  either  to  maintain  stock  or  to  prepare  them  for 
the  market.  While  feeding  cactus  to  dairy  cows  and  work  oxen  is 
common  all  over  the  pear  region,  the  amount  fed  for  these  purposes 
is  insignificant  compared  with  that  used  for  maintenance  and  fattening. 
B}^  far  the  greatest  amount  is  fed  as  an  emergency  ration,  to  keep  cat- 
tle alive  during  a  severe  and  prolonged  drought.  For  this  purpose  its 
value  can  not  well  be  overestimated,  for,  as  has  been  aptly  said  by 
many  ranchers  consulted  during  the  past  year,  pear  often  means  the 
difference  between  live  and  dead  cattle.  A  drought  of  from  four  to 
seven  months,  as  sometimes  occurs,  in  a  country  which  has  no  sod  to 
speak  of  and  where  a  large  portion  of  the  grazing  is  furnished  by 
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nniHiul  plants  of  short  duration,  is  fmught  with  sorious  consequonres 
to  the  stock  industry.  A  rancher  works  faithfully  a  fourth  of  his  life- 
time to  get  his  herd  up  to  the  desired  standard  of  numbers  and  c|uality 
when  a  drought  strikes  him  and  he  is  obliged  to  sacrifice  possibly  his 
entire  herd.  He  naturally  waits  for  the  weather  to  change  from  week 
to  week,  until  his  animals  get  into  such  a  condition  that  he  dares  not 
move  them,  and  they  are  then  in  too  low  a  condition  physically  to  be 
disposed  of  at  anything  like  what  they  are  worth,  to  say  nothing  about 
what  they  have  cost  him.  In  such  a  plight  he  loses  everything,  or 
sells  out  at  a  figure  which  practically  means  an  entire  loss,  when  it  is 
almost  certain  that  if  he  could  keep  his  animals  alive  for  a  month  or 
two  there  would  be  feed  again  and  he  would  be  out  of  danger.  It  is 
this  uncertainty  of  the  seasons  which  has  often  made  the  grazing  of 
native  pasture  both  hazardous  and  exp(»nsive  in  the  iSouthwest.  The 
lancher  with  small  means  is  often  caught  with  his  cattle  so  poor  that 
he  can  not  think  of  moving  them  to  better  pastures,  even  if  he  has  the 
means  and  can  find  the  feed.  He  waits  day  after  day,  hoping  for  rains 
which  do  not  come,  until  his  stock  begins  to  die  from  starvation. 
Then  it  is  too  late  to  remove  them  to  new  pastures,  for  experience 
teaches  that  working  or  driving  starving  animals  is  invariably  pro- 
ductive of  tremendous  losses. 

It  is  in  an  emergency  of  this  kind  that  the  prickly  pear  and  other 
forms  of  cactus  become  a  boon  to  the  mncher.  It  is  owing  to  the 
existence  of  the  prickly  pear  that  the  success  of  the  rancher  in  south- 
ern Texas  is  largely  due.  A  score  of  ranchers  have  acknowledged  to 
the  writer  during  the  past  3^ear  that  were  it  not  for  pear  they  would 
have  to  move  their  cattle  out  of  the  country  once  every  four  or  five 
years  on  account  of  droughts.  Theoretically,  a  rancher  can  safely 
sto<*k  his  pastures  to  their  capacity  during  the  years  of  poorest  pro- 
duction only,  for  the  weakest  link  in  his  monthly  chain  of  feed 
measures  his  strength  in  the  stock  business.  For  what  matters  it  if 
he  can  accumulate  a  herd  of  500  head  of  cattle,  if  a  six  months'  drought 
causes  a  loss  of  30  or  60  per  cent  in  his  herd? 

With  plenty  of  pear  or  other  cacti  in  his  pastures,  however,  this 
danger  is  largely  removed.  He  has  in  this  crop  a  feed  which  does  not 
deteriorate  if  not  used  for  three  or  four  or  even  ten  years;  it  is  as 
good  at  one  time  as  another,  and  can  be  fed  by  him  at  a  couple  of 
days'  notice  under  any  circumstances,  although  it  is  the  general  belief 
that  it  is  much  more  valuable  in  winter  than  in  summer. 

A  brief  report  of  feeders  in  various  portions  of  southern  Texas  will 
be  to  the  point  at  this  juncture.  None  of  these  has  accurate  accounts 
of  his  feeding.  Everything  is  pure  estimate,  almost  entirely  from 
memory,  but  the  accounts  which  follow  are  based  upon  statements 
of   responsible  feeders,  whose  estimates  are  as  accurate  as  could 
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be  obtained  without  definitely  planned  experiments.  Their  experi- 
ences arc  of  great  value  in  planning  future  investigations  and  in  sug- 
gesting to  those  who  have  not  had  experience  how  best  to  proceed  in 
feeding  these  plants. 

The  Messrs.  Furnish,  of  Spofford,  Tex.,  have  fed  pear  three  win- 
ters. Two  3'ears  ago  they  simply  cut  the  cactus  with  a  pear  cutter 
and  fed  it  in  troughs  with  two  pounds  of  cotton-seed  cake  a  day  for 
each  animal.  The  following  winter  they  scorched  it  with  brush  in  the 
field  and  then  chopped  and  fed  it  in  the  same  way.  Their  experience 
appears  to  indicate  that  chopping  does  not  destroy  the  spines  suffi- 
ciently to  prevent  injur}'  from  them.  During  the  first  year  they  were 
feeding  pear  they  lost  many  calves  and  they  attributed  the  loss  to  this 
cause.  They  are  confident  that  there  is  no  danger  for  older  stock. 
They  experimented  with  a  pear  burner,  but  were  not  pleased  with 
it,  as  their  machine  used  up  about  a  gallon  of  gasoline  per  hour  under 
careful  manipulation,  and  with  the  employment  of  cheap  Mexican 
labor,  much  more.  They  discarded  their  machines  and  put  the  men 
at  work  singeing  with  brush,  which,  on  account  of  the  irresponsible 
labor  available,  they  considered  much  more  economical. 

There  are  various  ways  of  harvesting  cactus.  These  people  employ 
one  or  two  men  to  cut  the  pear  off  with  a  hoe,  and  then  another  gang 
comes  along  and  loads  it  on  a  wagon  fitted  usually  with  a  hay  frame. 
The  felled  pear  is  handled  with  forks,  and  from  a  ton  to  a  ton  and  a 
half  constitute  a  load.  This  is  then  hauled  to  the  machine  and  chopped 
up.  A  machete  is  sometimes  employed  for  cutting  the  cactus  off  at 
the  ground. 

It  is  claimed  that  the  old  stocks  are  much  more  nutritious  than  the 
younger  joints.  An  effort  is  made,  therefore,  whenever  extensive 
feeding  is  done,  to  go  into  the  thickest,  rankest  pear  areas  and  cut  the 
plants  off  at  the  surface  of  the  ground  in  order  to  get  as  much  of  the 
old  stumps  as  possible.  What  relation  there  is  between  the  young 
joints  and  these  older  stocks  should  be  determined  chemically  as  soon 
as  possible.  In  practice  it  is  always  considered  that  the  older  joints 
and  stalks  are  most  nutritious. 

The  chop  is  loaded  on  to  wagons  and  hauled  to  the  feeding  lot,  where 
it  is  fed  in  large  flat-bottomed  troughs,  3  feet  wide  and  8  inches  deep, 
the  cotton-seed  meal  being  sprinkled  over  the  chop  at  the  rate  of  about 
2  pounds  for  each  animal  a  day. 

The  first  winter  f(»eding  was  done  steadily  for  two  months,  and  the 
cattle  were  given  all  the  pear  they  would  eat,  together  with  2  pounds 
of  cotton-seed  meal.  All  stock  had  a  limited  run  of  brush  pastures. 
After  this  first  period  of  two  months  was  up  they  fed  a  bunch  of  the 
poorer  animals  for  two  or  three  weeks  longer  until  they  got  strong. 
These  were  then  turned  on  to  native  pastures  to  '* rustle"  for  them- 
selves, while  another  bunch  of  weaker  ones  was  fed  two  or  three  weeks 
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loiif^er.  It  is  a  vory  common  practice  throughout  the  pciir  region  to 
feed  only  the  poorer  stock.  The  herd  is  worked  over  every  few  days 
for  the  purpose  of  cutting  out  those  animals  which  are  weak  and  most 
in  need  of  feed.  These  are  fed  until  they  get  on  the  mend,  and  are 
then  turned  out  to  "rustle"  for  themselves  in  the  pastures,  while 
another  bunch  is  fed  in  their  place.  Very  often  all  that  is  attempted 
is  to  keep  stock  alive  until  grass  begins  to  grow. 

Pear  is  considered  good  roughage  in  time  of  need  in  this  vicinity, 
although  no  one  regards  it  as  a  nutritious  feed  and  all  prefer  to  give 
even  the  stock  which  they  are  only  attempting  to  carry  through  the 
winter  some  concentrated  feed  with  it.  It  is  impossible  to  estimate 
the  total  quantity  of  pear  fed  by  the  Messrs.  Furnish. 

Three  years  ago  Mr.  M.  T.  Cogley,  of  Laredo,  Tex.,  fed  40  head 
of  cattle  for  ninety  days  on  a  daily  ration  for  each  animal  of  1  quart 
of  cotton-seed  meal,  increased  to  3  quarts  as  feeding  progressed,  and 
200  pounds  (estimated)  of  pear,  chopped  with  machetes.  Three  men 
did  the  feeding  and  hauling.  The  animals  fattened  well,  but  it  is 
believed  they  were  held  too  long  for  the  best  results.  They  are  sup- 
posed to  have  weighed  about  60  pounds  less  than  would  have  been  the 
case  ten  days  earlier.  The  falling  oflf  is  thought  to  be  due  largely  to 
too  prolonged  feeding  of  cotton-seed  meal,  but  also  to  some  extent  to 
wet  weather,  which  made  the  pastures  boggy. 

Mr.  T.  A.  Coleman,  of  Encinal,  Tex.,  is  among  the  most  extensive, 
if  not  reall}''  the  largest,  feeder  of  pear  in  Texas,  and  his  experience  is 
as  varied  as  any  in  the  countr}-.  His  feeding  has  been  done  both  to 
save  cattle  and  to  fatten  them,  and  both  operations  have  been  con- 
ducted with  uniform  success.  During  the  past  winter  four  methods 
of  feeding  were  employed: 

(1)  One  lot  of  steers  was  fed  in  a  closed  pen.  When  feeding 
began  they  were  given  3  pounds  of  cotton-seed  meal,  which  was 
gradually  increased  to  6  pounds  as  the  feeding  progressed.  The  pear 
they  ate  was  chopped  and  fed  to  them  in  troughs  at  the  estimated  rate  of 
80  pounds  to  a  feed,  or  160  pounds  a  day.  During  the  last  ten  days  each 
received  about  8  pounds  of  sorghum  fodder  a  day.  The  feeding  con- 
tinued seventy  days,  and  Mr.  Coleman  and  his  men  assert  that  they  never 
saw  stock  fatten  in  better  shape  than  did  these;  while  Mr.  Cameron, 
a  buyer  with  a  varied  experience,  authorizes  the  statement  that  they 
were  far  above  the  average  of  fleshy  cattle  in  that  section. 

(2)  In  one  pasture,  cattle  were  fed  pear  scorched  with  a  gasoline 
torch  and  were  allowed  free  access  to  cotton-seed  cake  in  a  self-feeder. 
The  cake  feeding  in  this  experiment  was  especially  unsatisfactory,  and 
the  use  of  the  self-feeder  will  be  discontinued.  These  cattle  had  the 
run  of  dry  grass  pasture  in  addition  to  the  cake  and  pear  fed. 

(3)  A  third  lot  was  fed  cotton-seed  cake  in  a  self-feeder,  and  allowed 
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the  run  of  dry  pasture  containing  an  abundance  of  pear,  of  which  stock 
eat  a  great  deal  during  the  winter  without  any  preparation  whatever. 

(4)  A  fourth  lot  was  fed  similarly  to  the  first,  except  that  only  one- 
lialf  of  the  amount  of  meal  was  used.  These  cattle  were  held  in  a  large 
pasture  also. 

The  first  of  these  methods  is  said  to  have  proved  by  far  the  most 
satisfactory.  Some  idea  of  the  extent  to  which  pear  is  resorted  to  in 
times  of  drought  can  be  had  from  Mr.  Coleman's  operations  during 
the  drought  of  1901-2.  From  the  latter  part  of  November  to  the 
5th  of  May,  four  pear  cutters  and  twenty  pear  burners  were  in  con- 
stant operation.  Besides  these,  there  were  employed  as  many  as  50 
men,  who  traveled  through  the  pear  thickets  with  machetes,  cutting 
tlie  pear  down  so  that  cattle  could  get  into  it  and  feed  upon  it  without 
further  preparation. 

In  some  respects  Mr.  Samuel  Wolcott's  experience  has  been  as  varied 
and  definite  as  any  which  has  come  under  the  writer's  observation. 
The  methods  which  he  has  finally  adopted  for  his  work  are  consider- 
ably at  variance  with  the  practices  of  other  Americans.  Instead  of 
using  machiner^^  he  chops  all  the  pear  he  feeds  with  machetes,  and  all 
pear  is  scorched  on  a  brush  fire  just  enough  to  take  off  the  thorns. 
His  method  increases  the  labor  of  handling  considerably  in  some  ways; 
but  having  to  entrust  the  work  largel}'  to  an  unintelligent  class  of 
labor  Mr.  Wolcott  believes  that  the  additional  expense  of  using 
machinery  with  such  labor  would  be  greater  than  the  additional  cost 
of  using  the  machete  and  brush  fires. 

It  has  been  his  practice,  in  feeding  for  beef,  to  turn  the  stock  into  a 
pasture  of  considerable  size  in  the  morning;  there  they  get  a  large 
picking  of  grass  and  some  browse.  While  they  are  in  the  p&sture  the 
day's  ration  is  prepared.  The  troughs  are  cleaned  and  filled;  the  pear 
is  singed,  put  in  the  troughs,  and  chopped,  and  cotton-seed  meal  is 
sprinkled  over  it  at  the  rate  of  from  3  to  6  pounds  for  each  animal.  It 
was  the  practice  during  the  past  winter  to  feed  3  pounds  for  thirty 
days,  4  pounds  for  thirty  days,  and  6  pounds  for  thirty  days,  making 
in  all  ninety  days'  feeding.  It  requires  about  ten  days  to  get  the  cattle 
into  the  habit  of  eating  out  of  a  trough,  so  that  the  feeding  period 
reall}^  extends  over  a  period  of  about  one  hundred  days.  In  reality  the 
feeding  period  is  governed  largely  by  the  condition  of  the  feed  in  the 
pastures.  The  cattle  are  turned  out  on  to  grass  after  ninety  days  of 
pear  feeding.  One  pasture  is  reserved  for  finishing  cattle  which  have 
been  fed  pear  and  cotton-seed  meal  during  the  winter.  This  pasture 
is,  therefore,  alwa3's  in  good  condition;  but  the  intention  is  to  feed  so 
that  the  period  of  ninety  days  will  be  up  about  the  time  that  gniss  is 
in  good  shape  in  the  spring.     The  cattle  are  marketed  off  of  grass. 

The  feeding  of  125  head  was  done  by  three  Mexicans  and  a  foreman. 
Were  it  not  for  cheap  labor  the  cost  of  pear  feeding  in  this  way  would 
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be  considerable.  With  cheap  labor,  however,  even  this  method  is 
profitable  in  average  years.  This  spring,  cattle  were  fed  on  grass  for 
two  months  after  the  pear  feeding,  but  in  an  average  year  they  are 
sold  after  four  weeks'  run  on  grass.  The  reason  for  the  longer  period 
this  year  was  the  prolonged  drought  of  the  spring  season,  which  made 
pear  feeding  much  less  profitable  than  usually  is  the  case. 

It  is  Mr.  Wolcotf  s  practice  to  ship  off  grass  or  some  other  than  the 
pear  and  meal  ration,  on  account  of  the  largo  shrinkage  which  the  stock 
suffers  after  this  kind  of  feed.  If  it  were  possible  to  furnish  a  partial 
ration  of  hulls  to  supplant  a  portion  of  the  pear,  he  thinks  that  feeding 
would  be  very  much  more  satisfactory;  but  it  is  to  get  rid  of  the 
exx)ense  of  the  hulls  that  the  pear  is  resorted  to. 

In  all  cases  in  southeastern  Colorado,  as  in  Texas,  only  a  partial 
i*ation  of  cactus  has  been  fed.  In  some  cases  the  remainder  of  the  feed 
has  been  supplied  in  the  form  of  corn  chop,  and  in  others  cattle  have 
had  the  run  of  poor  pastures,  as  is  almost  universal  in  Texas.  Mr. 
E.  M.  Bages,  of  Trinidad,  Colo.,  during  the  past  winter  fed  his  40 
head  of  cattle  1,000  pounds  (estimated)  of  cactus  per  day.  He  states 
that  the  pastures  were  so  short  that  all  the  cottonwood  leaves  (/*o/>wZ?^« 
sp.)  which  had  fallen  during  the  past  winter  were  cleaned  up.  They, 
however,  got  some  grass  as  well  as  greasewood  {SarcohaUis  rerrnicit- 
l/itus)  and  shad-scale  {Atriple./'  c<(n£HOfni<)  browse.  His  practice  was  to 
gather  one  load  of  about  2,000  pounds  of  cactus  on  alternate  days. 
The  spines  were  singed  off  over  an  open  tire  of  dead  poplar  wood. 
The  sto<^'k  were  in  \yooY  condition  when  the  ranch  was  visited,  about 
the  middle  of  April,  but  it  is  very  questionable  whether  they  would 
have  been  able  to  live  at  all  without  this  additional  feed. 

Mr.  J.  M.  John,  of  Trinidad,  Colo.,  who  is  the  only  person  in  this 
country  known  to  have  steamed  any  of  the  cactus  plants  for  cattle, 
reports  that  he  had  good  success  one  winter  in  feeding  daily  to  each 
animal  30  pounds  of  steamed  cactus  and  4  pounds  of  corn  chop, 
together  with  a  small  ration  of  hay.  A  lot  of  poor  cows  was  made 
into  beef  between  the  first  of  January  and  the  middle  of  April  upon  a 
somewhat  larger  ration  than  the  above.  These  data,  while  not  so 
definite  as  one  could  wish,  are  suggestive  and  form  a  splendid  basis  for 
future  work. 

PEAR  AS  A  HOG  FEED. 

While  several  reports  have  come  to  us  through  the  Agricultural 
Gazette  of  New  South  Wales  regarding  the  feeding  of  prickly  pear  to 
hogs,  there  appears  to  have  been  but  little  attention  paid  to  it  for  this 
purpose  in  this  country.  The  only  place  known  to  us  where  pear  has 
been  fed  successfully  to  hogs  is  at  the  asylum  in  San  Antonio,  Tex. 
The  feeding  here  is  done  in  such  a  way  that  the  data,  while  valuable, 
give  very  little  iden  of  the  amount  consumed  })y  each  animal.     The 
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results  obtained  appear  to  indicate,  according  to  Mr.  J.  F.  Branban] 
that  hogs  take  to  the  pear  for  roughage  as  kindly  as  cattle. 

The  number  of  hogs  fed  on  the  place  during  the  past  3'ear  and  a  hal 
has  been  in  the  neighborhood  of  230  in  all.  Many  of  these  were  smal 
and  ate  little  or  no  pear.  To  this  number  of  animals,  during  a  peria 
of  one  and  a  half  years,  were  fed  400  bushels  of  corn,  2i  barrels  dail 
of  meat  and  hrejSLd  scTaps,  and  3,000  pounds  daily  of  pear. 

In  feeding,  extreme  care  is  said  to  be  necessary  to  rid  the  pear  0 
spines,  for  they  are  very  injurious  to  the  hog.  During  this  feeding 
about  one-half  of  one  per  cent  was  killed  by  the  spines  in  spite  of  th 
great  precautions  exercised.  The  pear  was  all  burned  in  the  field  b; 
a  gasoline  burner,  loaded  on  wagons  and  thrown  into  the  pens,  on 
man  burning  as  fast  as  three  men  could  cut  and  load.  Each  day' 
ration  of  3,000  pounds  required  2i  gallons  of  gasoline  for  the  burning 

In  many  localities  in  the  pear  region  of  Texas  it  is  the  practice,  a 
soon  as  the  tunas  (fruit)  ripen  and  begin  to  fall  off,  to  let  out  the  fei 
hogs  which  the  rancher  usually  has  to  feed  upon  them.  It  is  consid 
ered  by  all  who  have  had  any  experience  with  this  pmctice  that  hog 
are  very  fond  of  these  fruits,  and  fatten  very  rapidly  uix)n  them. 

PEAR  FOB  SHEEP  AND  GOATS. 

Mr.  Albert  Urban,  one  of  the  largest  owners  of  sheep  in  the  Lared 
district  at  the  present  time,  values  the  pear  very  highly.  His  shee] 
are  run  entirely  without  feed,  even  during  the  dry  seasons.  Hi 
pastors  all  carry  machetes  and  cut  the  edges  off  of  the  joints  t< 
give  the  sheep  a  chance  to  get  at  the  pulp  without  being  injured  b; 
the  thorns.  His  range  is  well  adapted  to  sheep  on  account  of  the  larg 
amount  of  browse  furnished  by  the  guajilla  {Acacia  herlandterf)  an< 
the  mes(iuitc  {ProHoph  glayid nlona).  These,  together  with  the  pea 
chopped  with  the  machete,  furnish  an  abundance  of  feed  when  tb 
grasses  fail,  and  the  latter  obviates  the  necessity  of  driving  to  wate 
as  often  as  would  otherwise  be  necessary. 

Upon  nearly  every  ranch  of  any  note  in  the  pear  region  a  smal 
flock  of  goats  are  run  and  held  most  of  the  time  in  the  thickest  peai 
and  brush  on  the  ranch.  It  is  a  universal  practice  to  furnish  then 
ac(*ess  to  all  the  pear  they  will  eat,  b}^  a  liberal  use  of  the  machete 
The  amount  of  pear  they  consume  depends  upon  the  condition  of  th( 
other  feed,  it  furnishing  the  greater  part  of  their  ration  durin( 
droughty  seasons. 

PEA&  AS  A  RATION  FOR  WORKING  ANIMAI4S. 

The  animals  best  adapted  to  working  on  pear  appear  to  be  oxea 
They  often  work  for  months  upon  no  other  feed  than  dry  gra^ss,  brush, 
and  ])rickly  pear.  Insbinces  of  the  use  of  scorched  pear  for  oxen  hi 
the  earlj'  freighters  have  been  mentioned.     £ven  now  a  large  num 
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ber  of  Mexican  wood  choppers  in  the  extreme  southwestern  part  of 
Texas  use  no  other  feed  than  pear  and  what  grass  or  browse  the  country 
affords.  Often  the  grass  and  browse  are  very  small  in  quantity. 
These  people  simply  scorch  the  thorns  off  with  brush,  although  many  of 
them  do  not  even  go  to  this  trouble,  as  they  simply  slash  into  the 
plants  with  a  machete  enough  to  give  the  animals  a  start  into  the 
clumps. 

Mr.  T.  A.  Coleman  finds  that  oxen  can  be  used  with  great  ci^onomy 
in  feeding  pear  to  cattle.  His  machines  are  set  in  a  pear  thicket,  and 
the  distance  hauled  during  the  past  winter  was  an  avemge  of  about 
6ne-half  mile  for  the  round  trip.  The  pear  was  hauled  to  the  machine 
hy  two  four-ox  teams,  which  hauled  36  to  40  loads  a  day,  an  average 
load  weighing  1,500  pounds  (estimated).  The  travel  per  team,  accord- 
ing to  this,  was  about  10  miles  per  day.  The  last  load  cut  each  day 
was  placed  in  a  trough  in  a  small  pen  for  the  work  oxen,  and  the}'^ 
^always  had  all  they  would  eat.  The}'  got  no  other  feed  and  kept  in 
good  working  condition  during  the  entire  feeding  period. 
'  There  are  hundreds  of  ox  teams  in  the  southwestern  part  of  Texas 
that  work  all  the  year  on  a  ration  consisting  ver}'  largely  of  pear  all 
of  the  time,  and  practically  nothing  else  for  months.  They  belong 
mainly  to  the  Mexican  population,  who  freight  and  haul  wood  to  the 
towns,  ranches,  and  pumping  estiiblishments  which  arc  springing  up 
[Somewhat  numerously  in  that  section.  Their  ration  consists  of  such 
feed  as  the  country  produces.  (Jrass  and  browse  are  the  main  feed 
fwhen  the  seasons  are  good.  It  is  during  the  dry  seasons  that  the 
[greatest  quantity  of  pear  is  fed,  but  the  freighter  never  omits  it  from 
fhis  ration  for  working  oxen.  Even  during  the  month  of  May,  1904:, 
I  when  grass  was  in  the  best  possible  condition  and  tiicre  was  an  abun- 
I  dance  of  it,  pear  scorched  with  brush  was  regularly  fed.  It  is  impos- 
I  sible  to  tell  how  much  these  animals  eat. 

\     A  day  spent  upon  the  market  plaza  at  Laredo,  Tex.,  confirmed  the 

statement  which  had  been  often  heard  regarding  the  large  use  made 

iof  pear  by  the  Mexican  wood  choppers.     When  the  men  are  asked 

I  what  they  feed,  the  answer  invariably  is  "  nopal "  (prickl}'  pear).     One, 

i  of  whom  special  inquiry  was  made,  stated  that  he  was  hauling  wood  30 

miles  (round  trip),  making  two  trips  per  week.     His  loads  averaged 

three-fourths  of  a  cord  of   mesquite  wood.     His  oxen  grazed  very 

:  largely  on  grass  at  that  time,  but  the  greater  part  of  the  year  they 

got  little  besides  nopal,  the  thorns  being  singed  off  over  a  brush  fire. 

His  team  was  in  good  working  condition. 

The  largest  amount  of  freighting  in  the  State  of  Texas  at  the  pres- 
ent time  is  doubtless  done  below  the  line  of  the  Texas  and  Mexican 
Railway.  In  this  region  there  is  an  abundance  of  pQav  of  good  quality. 
Here,  and  in  fact  farther  north,  especially  along  the  Kio  Grande,  team- 
ing is  still  a  business;  but  it  is  almost  entirely  in  the  hands  of  the 
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Mexican  population,  who  own  their  oxen  and  carts,  their  sole  holdings 
in  many  cases. 

It  is  estimated  bv  Mr.  Jacobo  C  Guerra  that  there  are  no  less  than 
200  of  these  Mexican  carts  operating  between  Rio  Grande  City  and 
the  north.  About  60  of  these  work  at  the  business  continuouslv,  while 
the  remainder  haul  when  there  is  an  exceptionall}'^  large  quantity  of 
freight  to  be  moved.  There  are  a  few  mule  teams  on  the  road,  but 
by  far  the  larger  quantity  of  freight  is  hauled  with  bulls  or  oxen;  even 
cows  are  sometimes  hitched  to  the  wagons.  A  team  consists  of  4  to 
10  oxen  hitched  to  a  Mexican  cart.  Such  a  team  will  make  a  trip  of 
76  miles  and  back  in  ten  to  fourteen  days.  The  longer  time  is  the  one 
most  frequently  used.  Two  trips  per  month  is  what  the  average  team 
makes.  They  go  pmctically  empty  one  way,  and  haul  3,000  pounds 
on  the  other  trip.  This  figures  up,  for  those  who  work  at  the  business 
all  of  the  time,  10  miles  per  day,  continuously,  from  one  year's  end  to 
the  other,  and  this  over  a  very  hard  road,  two-thirds  of  which  is  sandy. 
This  work  is  done  b\'  these  animals  upon  a  ration  of  prickly  pear  and 
grass,  when  the  latter  is  to  be  had;  when  there  is  no  grass,  pear  alone 
suffices.  There  are  long  seasons  of  frequent  occurrence  when  grass  is 
next  to  nothing,  and  during  these  seasons  nopal  in  large  quantities  is 
fed,  the  cjittle  getting  little  else.  The  season  is  both  infrequent  and 
severe  when  the  hobbled  ox  can  not  get  some  feed  out  of  a  brush  pas- 
ture. Frequently,  however,  the  feed,  aside  from  pear,  is  very  small  in 
quantity. 

Probably  the  largest  amount  of  teaming  is  done  between  Hebron- 
ville  and  Rio  Grande  City.  There  is  no  pear  convenient  upon  the 
northern  one-third  of  this  road.  It  is  therefore  necessary  for  the  team- 
sters to  provide  themselves  with  pear  by  hauling  it  over  about  one- 
fourth  of  the  journey.  This  necessitates  the  hauling  of  pear  15  or  20 
miles,  which  largely  increases  the  total  work  done  by  the  animals. 
The  driver  camps  at  night  in  a  pear  thicket,  lights  a  brush  fire,  and  in 
about  thirty  minutes  scorches  the  thorns  from  enough  pear  for  his 
team  to  eat  during  the  night.  Another  feed  in  the  morning  is  usually 
all  they  get.  In  some  cases  the  animals  are  given  a  ration  of  pear  at 
midday.  These  people  are  often  provided  with  a  pear  fork,  a  descrip- 
tion of  whic^h  has  already  been  given  (see  tig.  1,  p.  15),  while  some  of 
them  use  a  sharp  stick  for  handling  the  pear.  In  chopping  the  pear 
down  an  ax  or  a  machete  is  used.  Before  leaving  the  pear  thickets 
enough  pear  is  scorched  and  loaded  on  the  wagons  to  feed  the  teams 
until  they  return  to  the  thickets  again. 

During  a  good  season,  like  the  past  one,  there  is  plenty  of  grass 
along  the  road,  but  in  spite  of  this  pear  is  fed.  The  animals  do  not 
eat  so  much  of  it  as  tho}^  do  when  the  grass  is  short,  but  there  is 
never  a  season  when  they  will  not  eat  a  surprisingly  large  amount  of 
scorched  pear. 
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Durinjjf  long,  dry  seasons  the  water  supply  along  the  road  becomes 
verv  scarce,  and  teams  often  are  forced  to  make  the  entire  distance  of 
76  miles  without  water,  on  a  full  ration  of  pear.  Indeed,  teamsters 
have  informed  the  writer  that  during  the  winter  their  oxen  drink  only 
about  once  each  week,  but  that  thev  need  water  two  or  three  tim^s  a 
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week  during  the  summer. 

It  is  next  to  impossible  to  get  a  very  definite  notion  of  how  much 
these  people  feed  their  stock.  As  accumte  an  estimate  as  it  has  been 
possible  to  secure  allows  one-half  load  of  singed  pear  to  12  head  of 
oxen  for  one  feed,  when  two  feeds  a  day  are  given  the  animals.  A 
load  will  probably  weigh  from  1,500  to  2,000  pounds. 

EFFECT  OF  PEAR  X7P0N  STOCK. 

The  views  of  ranchers  are  so  much  at  variance  regarding  many 
points  relating  to  cactus  feeding  that  it  is  impossible  to  form  a  definite 
opinion  regarding  many  features  of  the  practice.  There  is  a  compara- 
tive unanimity,  however,  upon  man}^  points.  There  is  need  of  experi- 
ments for  their  verification,  for  popular  experiences  and  opinions  are 
too  indefinite  and  unsatisfactorv. 

Stockmen  are  very  generally  agreed  that  pear  should  be  fed  very 
gradually  at  first,  many  claiming  that  a  week  should  elapse  before  a 
full  ration  can  be  safely  fed.  The  reasons  for  this,  however,  will  vary 
with  the  individual  and  the  localitv.  Mr.  Sinclair  has  abundant  evi- 
dence  that  bloat  is  very  easily  caused  in  cattle  that  are  not  accustomed 
to  the  feed.  Really,  cattle  look  as  though  they  were  bloated  after 
every  feed,  for  the  quantity  eaten  (125  to  200  pounds  a  day)  is  bound 
to  cause  a  large  distention  of  the  stomach;  but  there  appears  to  be  no 
danger  after  the  animals  have  become  accustomed  to  eating  it. 

Stock  fed  on  a  full  mtion  of  pear  scour  more  or  less  all  of  the  time, 
and  the  injury  from  this  source  is  of  course  very  much  aggi'avated 
if  the  cattle  receive  rough  treatment.  A  half  ration,  with  some  drier 
roughage,  such  as  sorghum  ha\',  or  even  dry  grass  .or  browse,  appears 
to  produce  less  serious  ett'ects.  This  condition  could  not  be  otherwise 
with  such  sloppy  feed.  It  occurs  invariably  with  beet  pulp,  and  the 
effects  are  probal>ly  very  similar. 

The  condition  of  stock  which  have  received  pear  during  the  winter 
appears  to  be  very  much  better  than  that  of  those  wintered  on  gocxl 
dry-giuss  pastures.  Feeders  without  exception  make  this  observation. 
The  experience  of  the  (ilass  Brothers  is  very  conclusive  in  this  regard. 
In  the  winter  of  1897  their  pastures  were  so  short  as  to  necessitate 
their  moving  their  cattle  to  rented  lands,  not,  however,  very  far  away. 
In  the  herd  were  55  pregnant  (*ows,  too  poor  to  be  moved.  These 
were  held  on  the  home  pastures  and  fed  pear  chopped  with  machetes, 
together  with  1  to  1^  pounds  of  c^uttQn:seed  meal  daily.  These  ani- 
mals were  turned  on  grji^^'ii^i4iMdittvoi.^fftt^,  and  could  have  been 
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sold  as  grass-fat  cattle  in  sixty  days,  while  that  portion  of  the  herd 
wintered  on  dry  grass  was  not  fat  until  fall.  Of  coarse  the  effect  of 
moving  and  the  influence  of  the  pound  or  pound  and  a  half  of  cotton- 
seed meal  must  not  be  overlooked,  but  the  influence  of  the  pear  wski^ 
certainly  very  potent.  This  corresponds  very  well  with  the  experience 
of  feeders  in  southeastern  Colorado,  where  ("actus  is  commonly  fed 
without  any  other  feed  except  what  stock  pick  up  in  native  pastures. 
Here  it  is  found  that  cactus  fed  in  any  form  is  of  decided  advantage  in 
toning  up  the  system,  particularly  of  2-year-old  stock,  which  suffer 
especially  on  account  of  the  condition  of  their  teeth  at  this  age.  Many 
2-year-old  heifers  upon  the  range  are  lost  at  this  age  from  constipa- 
tion, brought  on,  no  doubt,  by  a  long- continued  diet  of  dry  grass, 
which  is  often  so  short  as  to  be  difficult  for  stoi'k  of  this  age  to  get  at 
it.     This  evil,  it  is  said,  is  corrected  by  a  few  feeds  of  cactus. 

Ranchers  in  Texas  often  lose  a  small  number  of  cattle  from  the  effM 
of  the  accumulation  of  fiber  of  the  pear  in  the  stomach.  This  condition 
is  said  never  to  occur  with  chopped  pear,  but  to  be  common  in  cases 
where  a  pear  burner  or  machete  is  used,  and  still  more  common  in  cattle 
which  are  forced  to  eat  a  large  amount  of  pear  in  short  pastures  durinfs 
dry  seasons.  The  balls  are  said  to  be  made  up  entirely  of  the  fiber  and 
spines  of  the  pear.  It  is  also  claimed  that  fiber  balls  are  never  formed 
when  stock  have  a  reasonable  quantity  of  grass  or  other  roughage  witb 
the  pear. 

No  manner  of  feeding  cactus  yet  devised,  without  greater  care  tlian 
the  feeder  is  usually  willing  to  bestow  upon  the  work,  does  awaj 
entirely  with  the  evil  effect  of  the  spines.  Singeing  with  a  torch  oi 
brush  is  the  most  effectual  in  this  regard,  if  sufficient  care  is  taken  bj 
the  operator.  In  practice,  however,  very  little  attention  is  paid  to  the 
small  spines,  the  effort  being  to  burn  off  the  distal  three-fourths  of  the 
large  ones,  leaving  most  of  the  small  ones  for  the  stock  to  contend 
with.  Indeed,  there  is  a  prejudice — whether  well  founded  or  not  \\ 
has  been  impossible  to  determine — against  pear  scorched  to  the  extent 
necessary  to  insure  the  removal  of  all  the  small  spines.  It  is  claimed 
that  cattle  scour  much  worse  upon  pear  which  has  been  excessivelj 
scorched  by  either  torch  or  brush  flame.  Another  objection  urged  if 
that  torch-scorched  pear  invariably  dies  if  the  flame  is  kept  upon  il 
long  enough  to  insure  the  removal  of  all  the  spines.  This  is  really  ar 
important  matter  for  those  who  have  but  little  pear  in  their  pastures, 
as  simply  singeing  off  the  larger  spines  does  not  check  the  growth  ol 
the  plants  at  all,  and  all  the  singed  plants  not  actually  grazed  grow  th< 
following  season. 

The  spines  invariably  work  into  the  skin  and  flesh  of  animals  whicl 
have  the  run  of  pear  pastures  to  a  large  extent,  certain  exposed  por 
tions  of  the  skin  being  often  literally  filled  with  them.  It  is  reported 
by  butchers  that  they  often  find  cattle  and  sheep  so  full  of  cactus  spines 
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that  their  skinning  knives  are  dulled  by  a  few  strokes,  on  account  of  the 
larg'e  number  which  penetrate  through  the  skin  into  the  fleshy  requir- 
ing the  cutting  of  thousands  of  spines  in  the  skinning.  Inquiry  made 
among  hide  merchant^}  at  several  places  does  not  indicate  that  they 
recognize  any  deterioration  at  all  on  this  account.  They  invariably 
report  that  they  take  no  cognizance  of  this  defect  in  their  classification 
of  material  }>rought  to  them,  although  they  admit  that  the  value  is 
sometimes  slightly  reduced. 

It  is  invariably  the  practice,  wherever  chopping  machines  are  used, 
to  feed  the  chop  as  soon  as  it  is  cut.  A  mpid  fermentation  sets  in 
usually  within  twelve  hours,  but  the  rapidity  and  time  are  dependent 
upon  the  condition  of  the  atmosphere.  Authentic  cases  of  injury  to 
cattle  by  the  use  of  fermented  chop  have  not  been  found,  but  feeders 
report  that  they  djire  not  feed  fermented  pear  on  account  of  an  appre- 
hension of  injury  which  it  may  do.  Rather  than  run  any  risks  the 
rancher  prefers  to  feed  immediately  upon  cutting.  The  process  of 
fermentation  is  a  very  peculiar  and  interesting  one  scientifically,  and 
of  course  has  a  decided  economic  bearing.  There  appears  to  be  a 
great  deal  of  diflference  in  the  behavior  of  different  species  in  this 
respect,  judging  from  specimens  put  up  for  museum  use  and  for 
chemical  analysis.  Some  joints  dry  quite  naturally  in  a  relatively 
shoi-t  time,  while  others  begin  to  ferment  very  soon  after  being 
removed  from  the  plant.  The  Texas  species  which  are  fed  may  be  cut 
and  piled  in  large  heaps  for  from  four  to  six  weeks  without  under- 
going any  apparent  change  except  a  slight  desiccation;  but  when 
chopped,  the  fermentation  starts  in  very  quickly.  There  are  indica- 
tions that  some  species  at  least  ferment  much  more  readily  when  cut 
in  certain  ways,  and  the  cultivated  forms  more  readily  than  the  native 
ones.  It  is  well  established  that  fermented  cotton-seed  products  pro- 
duce serious  effects  when  eaten  by  cattle,  and  the  rancher  who  mixes 
these  products  with  his  pear  must  necessarily  feed  before  fermentation 
has  had  time  to  take  place.  The  well-known  effects  of  fermented  cotton- 
seed products,  and  the  nipidity,  vigor,  and  nauseating  effects  of  the  fer- 
mented pear  warrant  the  ciiution  exercised  bj'^  all  who  feed  in  this  way. 

CACTUS  FOB  THE  SHjO. 

Attempts  to  prepare  ensilage  from  prickly  pear  have  been  reported 
once  or  twice  in  the  Agricultural  Gazette  of  New  South  Wales,  but,  so 
far  as  the  writer  is  aware,  no  definite  results  have  been  secured.  The 
Messrs.  Furnish,  of  Spofford,  Tex.,  attempted  it  one  year,  but  on 
account  of  the  improper  construction  of  the  silo  nothing  came  of  the 
experiment. 

There  is  but  little  use  in  the  preparation  of  ensilage  from  cactus. 
One  can  always  gather  this  plant  in  the  green  state  at  any  time  of  the 
year,  and  the  object  of  going  to  the  trouble  and  expense  of  placing 
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the  material  in  a  silo  is  not  very  evident.  Apparently  there  is  litde 
or  nothing  to  gain,  and  the  expense  is  considerable.  The  onW  way 
in  which  this  can  be  made  profitabliB  is  to  mix  the  chopped  pear  with 
some  other  much  drier  feed  in  the  silo. 

PEAB  THICKETS  AND  THEIB  BESTRXTCTIOK. 

It  has  been  but  a  few  years  since  the  ranchers  in  the  pear  sections  of 
Texas  were  inquiring  anxiously  for  some  method  which  could  be  suc- 
cessfully employed  in  ridding  the  native  pastures  of  what  was  consid- 
ered an  absolutely  worthless  and  injurious  weed — the  prickh'  pear. 
It  was  asserted  that  the  pear,  like  the  mesquite  {Prosoph  glandulow] 
and  guajilla  {Acaela  herlandlere)^  was  spreading  rapidly'  and  would  soob 
overrun  and  greatly  injure,  if  not  destroy,  large  areas  of  pasture  land 
But  this  was  before  the  combination  of  pear  and  cotton-seed  meal  as 
stock  feed  was  appreciated.  To-day  the  occasion  for  the  destruction 
of  the  pear  does  not  exist,  and  an  absolute  destruction  would  be  i 
calamity  indeed.  In  some  sections,  however,  the  artificial  propagatioi 
by  cuttings,  brought  about  by  the  liberal  use  of  the  machete,  has 
thickened  up  the  growth  of  the  plants  to  such  an  extent  as  to  make  it 
advisable  to  thin  the  areas  somewhat  in  order  to  give  the  grasses, 
which  are  very  often  impeded  in  their  growth,  a  better  chance,  u 
well  as  to  give  stock  a  freer  opportunity  to  get  through  the  pasture 
and  enable  the  herds  to  be  worked  to  better  advantage. 

Some  i^anchers  report  that  they  have  succeeded  in  thinning  out  th< 
thickets  in  rather  a  simple  way.  An  effort  is  made  to  allow  as  larg« 
an  accumulation  of  grass  and  weeds  upon  the  fields  as  passible,  pre- 
paratory to  the  thinning  process.  When  the  vegetation  is  dead  and 
dry,  fire  is  set  to  the  pastures  at  a  time  when  it  will  run  to  best  advaa- 
tage.  This  is  usualh-  after  the  heav}'-  frosts  of  early  winter.  The 
fire  does  not  kill  the  pear,  as  a  usual  thing,  but  the  spines  are  singed 
off  fi:om  a  great  deal  of  it,  giving  the  cattle  which  are  turned  in  latei 
a  chance  at  the  succulent  forage.  After  the  fire  there  is,  of  course 
but  little  for  stock  to  eat  except  the  pear.  Heavy  pasturing  is  prac- 
ticed and  the  plants  are  closely  grazed,  resulting  in  the  removal  of  n 
large  amount  of  stuff,  usually  without  killing  many  plants.  Aftei 
such  treatment  it  takes  several  years  for  the  cactus  to  grow  up  again 
so  as  to  influence  serioush^  either  the  growth  of  the  grass  or  the  han- 
dling of  ^ock.  This  practice  is  resorted  to  also  in  order  to  destroy 
some  of  the  brush,  which  often  becomes  detrimentally  thick.  Some 
idea  of  the  extent  of  brush  and  pear  developments  in  some  sections  of 
Texas  can  l>e  gained  from  the  stjitement  that  it  costs  $15  to  $20  per 
acre  to  clear  land  which  it  is  said  was  a  comparatively  open  prairie 
thirty  years  ago. 

The  practice  of  slashing  the  pear  bunches  with  a  machete,  spade,  or 
other  instrument  in  the  field  is  a  (questionable  one  in  many  localitie*^ 
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wrhere  the  cactus  is  already  very  thick.  As  stated  above,  large  pieces 
i>f  the  joints,  and  often  two  or  more  whole  joints,  fall  on  the  ground 
iod  are  left  there  by  the  animals,  they  being  able  to  handle  the  por- 
tion on  the  stem  to  better  advantage.  Some  of  these  pieces  die,  but  a 
irery  large  percentage  strike  root  and  grow,  thereby  thickening  the 
pear  thickets  unnecessarily.  In  some  places  the  pear  is  already  so 
thick  as  to  interfere  with  grass  production,  and  the  condition  is  aggra- 
vated by  the  careless  practice  of  slashing  the  pear  in  the  field,  thereby 
scattering  it  into  unoccupied  areas,  where  it  takes  root  and  thickens 
ap,  to  the  detriment  of  more  valuable  feed.  With  care  on  the  part  of 
the  herder  this  could  be  very  largely  avoided.  All  that  is  really  nec- 
essary in  oi'der  to  give  the  sheep  and  goats  a  good  chance  at  the  pear 
is  to  take  off  the  edge  of  the  big  round  joint.  It  is  on  the  edge  that 
the  greatest  number  of  the  most  offensive  spines  occur.  Taking  off 
this  portion  exposes  the  pulpy  substance  so  that  the  animals  can  readily 
nibble  it.  However,  instead  of  merely  taking  off  the  edge  the  care- 
less pastor  slashes  right  and  left,  with  no  object  but  to  expose  the  plant 
lo  the  animals.  The  result  is  as  stated  above.  The  pear  is  spread  by 
this  artificial  means  in  areas  where  it  is  already  too  thick.  This  exces- 
sive cutting  of  the  pear  can  especially  be  avoided  in  the  feeding  of 
sheep  and  goats,  for  they  prefer,  and  it  is  the  custom  to  give  them,  the 
younger,  more  tender  joints.  The  remaining  more  solid  portions  of 
the  plants  are  preferred  for  feeding  cattle.  So  far  as  the  writer  is 
aware,  no  definite  tests  have  been  made  of  the  comparative  nutritive 
value  of  different  portions  of  the  plants,  and  it  is  therefore  impossible 
to  state  just  how  much  scientific  foundation  there  is  for  the  universal 
opinion  that  there  is  more  nutriment  in  the  old  stems  than  in  the  young 
joints. 

SPECIES  OF  CACTUS  WHICH  ABE  OF  FORAGE  VALUE. 

The  Texas  ranchers  and  the  Mexican  people  generally  recognize 
several  varieties  of  the  pricklv  vear.  One  often  hears  the  Mexican 
people  apply  such  names  as  nopal  pell on^  nopal  agrlo^  )u}pal  azul^  caca- 
napa^  etc.,  which  express  certain  chara<.'teristics  that  they  recognize. 
The  majority  of  people,  however,  recognize  two  forms,  and  will  point 
with  considerable  uniformity  to  a  tall,  woody,  round,  and  thin-jointed, 
thorny,  usually  single-spined  form,  maturing  in  late  summer,  as  caca- 
najHi^  and  all  others  as  nopal,     (See  Pis.  IV  and  V.) 

The  former,  they  assert,  is  better  feed  for  horses  than  for  cattle. 
The  cacanapa  is  doubtless  a  distinct  botanical  species,  but  the  other 
forms  are  probably  variations  of  a  single  species.  The  best  pear 
grows  on  the  best  land,  and  here  the  plants  have  much  fewer  thorns, 
as  a  usual  thing.  The  so-called  blue  pear  is  also  largely  an  expression 
of  vigor,  but  is  considered  the  best  pear  for  stock.     It  is  usuall}'^  free 
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from  dead  or  diseased  joints.     However,  there  may  be  very  good  petr 
with  no  tiace  of  the  blue  color  which  is  recognized  in  certain  forniK 

In  some  localities  the  older  portions  of  the  plants  are  gray,  while  in 
others  they  are  yellow.  In  the  vicinity  of  Encinal  the  color  is  alrno^ 
universally  gray,  while  around  San  Antonio  it  is  always  ^^ellow;  but 
the  latter  is  considered  much  superior  to  the  former,  which  is  rea^- 
nized  as  blue  pear  by  everybody. 

From  an  economic  point  of  view  it  matters  little  about  the  spe4;ies 
until  the  time  comes  to  establish  plantations,  when  the  rancher  must 
know  which  ones  are  the  best  feed  and  which  grow  the  best-  Until 
experimental  investigations  determine  some  of  these  points  the  state- 
ment will  suffice  that  any  of  the  cacti  which  are  large  enough  and 
numerous  enough  to  be  fed  economically  are  probably  good  stock 
feed.  Sufficient  information  is  at  hand  to  show  that  the  flat-jointed 
forms  may  be  fed  indiscriminately,  and  references  are  made  in  this 
publication  to  experiences  in  the  successful  use  of  several  of  the  long- 
jointed  forms.  It  is  known  that  during  hard  times  stock  will  eat  the 
giant  cactus  greedily  when  it  is  chopped  up  so  that  they  can  g'et  at  it 
The  question  resolves  itself,  therefore,  purely  into  one  of  securing 
enough  material.  Any  cactus  growing  large  enough  to  be  fed  with 
economy  can  be  used  as  roughage,  or  as  a  succulent  for  milk  produc- 
tion. Some  forms  are  much  better  adapted  for  these  purposes  than 
others,  no  doubt;  but  we  have  little  positive  evidence  upon  this  point 
except  that  the  blue  pear  of  Texas  is  said  to  he  of  greater  value  than 
any  of  the  other  forms  of  that  region. 

ESTABLISHING  PLANTATIONS  OF  PEAH. 

Only  two  or  three  ranchers  have  been  met  who  have  gone  to  the 
trouble  of  attempting  to  grow  pear  bj'  the  establishment  of  new 
plantations.  The  plan  pursued  by  Mr.  Alexander  Sinclair  has  Ijeen  a 
very  simple  one.  The  plants  have  been  cut  up  into  individual 
joints,  and  these  have  been  scattered  at  suitable  intervals  upon  the 
ground.  The  unequal  evaporation  upon  the  two  sides  soon  causes  the 
joint  to  dish,  and  new  joints  spring  from  its  edges,  while  roots  grow 
from  the  side  in  contact  with  the  earth.  If  the  growth  is  vigorous 
and  normal,  three  new  joints  will  be  produced  the  first  year,  three 
or  more  the  second,  and  so  on,  giving  a  sufficient  crop  to  pay  for 
harvesting  in  four  or  five  years  from  planting. 

Mr.  Sinclair's  plantings  have  been  a  success  in  a  measure.  The 
areas  are  well  set,  but  much  of  the  pear  is  unhealthy,  owing  to  the 
effect  of  parasites  of  lx)th  insect  and  fungus  nature.  This  form  of 
planting  is  the  most  simple  and  least  expensive  that  can  be  devised. 
Much  experimentation  will  be  necessary  to  determine  the  best  method 
of  establishing  plantations. 
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YIEIiB  OF  PEAB. 

During  the  winter  of  1902,  Mr.  J.  C.  Glass,  of  Eagle  Pass,  Tex., 
fed  pear  (PI.  IV,  fig.  2)  to  save  his  herd,  as  is  the  common  practice 
in  Texas  during  drought.     The  number  of  cattle  that  were  fed  was 
not  constant,  for  the  herd  was  continually  worked  over,  strong  ones 
being  turned  out  and  weaker  ones  put  on  feed.     When  the  drought 
was  broken   1,500  cattle   were   being  fed,   and   an   avemge  of  not 
less    than    800  were   fed    for    the    entire    six    months.     The    pear 
machine  was  moved  into  a  pear  thicket,  near  a  windmill  supplying  an 
abundance  of  fairly  good  water  for  this  region.     It  is  believed  by  Mr. 
Glass  that  pear  was  not  hauled  over  a  quarter  of  a  mile,  and  that  not 
more  than  80  acres  were  harvested.     The  area  fed  is  irregular,  the 
cutting  being  governed  by  the  quality  of  the  pear,  ease  of  access 
through  the  thick  mesquite  brush,  etc.     The  harvesting  was  done  very 
closely  in  places  and  less  so  in  others,  the  plants  being  cut  off  at  the 
surface  of  the  ground  very  often,  but  at  other  times  much  was  left  in 
the  brush.     The  above  count  and  estimate,  therefore,  represent,  as 
closely  as  such  estimates  permit,  the  entire  3'ield  of  pear  on  a  virgin 
tract — virgin  except  in  the  quantity — which  had  been  grazed  by  stock 
during  the  past  fifteen  or  twenty  years.     This  amount,  however,  is 
inconsiderable.     These  data  are  not  definite,  but  they  are  the  bctt  avail- 
able, and  represent  the  practices  in  vogue  in  prickly -pear  regions. 
Several  things  should  be  borne  in  mind  in  connection  with  this  account. 
The  conditions  might  be  grouped,  in  order  to  present  them  clearly, 
as  follows: 

(1)  The  feeding  was  begun  after  cattle  had  begun  to  die. 

(2)  Feeding  was  practiced  to  keep  cattle  alive,  not  to  fatten  them. 

(3)  The  pastures  were  worked  continuall}',  and  a  watch  was  kept  for 
weak  cattle. 

(4)  The  stronger  cattle  in  the  feed  pens  were  constantly  being 
replaced  by  weaker  ones  from  the  pastures. 

(5)  From  1  to  li  pounds  of  cotton-seed  meal  were  fed  to  each  ani- 
mal, in  addition  to  all  the  chopped  pear  it  would  eat. 

(6)  All  except  the  very  weak  cattle  were  allowed  the  run  of  the 
pastures. 

It  will  be  seen  from  these  statements  that  the  stock  obtained  some 
feed  in  addition  to  the  pear  and  meal,  even  from  the  brush  pastures 
where  they  were  dying  before  the  feeding  began.  No  attempt  was  made 
to  do  anything  but  keep  the  animals  alive  until  the  drought  was 
broken.  An  effort  was  made,  however,  to  give  the  cattle  all  the 
pear  they  would  eat.  As  nearly  as  can  be  estimated,  therefore.  80 
acres  of  excellent  pear  furnished  a  full  ration  fqx  an  average  of  800 
head  of  cattle  for  a  period  of  six  months. 
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BEHAVIOB  OF  PEAB  AFTEB  HABVESTING. 

It  is  very  difficult  to  get  accurate  notions  of  the  time  that  ina>t 
elapse  between  successive  harvestings  of  i)ear  even  in  south westorn 
Texas,  where  feeding  has  been  so  extensively  practiced.  The  be>t 
observations  which  it  has  been  possible  to  make  thus  far  were  upon  the 
property  of  Mr.  J.  C.  Glass.  As  previously  stated,  harvesting  was 
done  very  closely  upon  some  portions  of  his  pasture  during  the  winter 
of  1902-3.  It  is  still  too  early  to  tell  how  long  it  is  going  to  be  bciore 
the  area  can  be  harvested  again.  It  ma^^  be  said,  however,  that  al)o«t 
the  middle  of  the  second  growing  season  aft^er  the  harvesting  there 
was  abundant  proof  that  the  jxjar  will  be  as  thick  as  ever  upon  this 
area.  It  was  observed  that  manv  of  the  old  bunches  were  dead  where 
closely  cut.  However,  the  vast  majority  of  them  had  a  joint  left  some- 
where which  was  growing  thriftily,  and  many  joints  broken  off  and' 
left  lying  on  the  ground  were  starting  new  plant^s.  It  is  Cvstimated 
that  it  will  take  not  less  than  live  years  to  make  a  crop  which  it  will' 
pay  to  harvest.  The  pear,  like  everything  else,  depends  up>on  the 
season,  and  the  growth  is  directly  proportional  to  the  rainfall. 

Several  areas  have  been  visited  which  have  been  harvested  twice 
during  the  past  four  ^unirs,  but  in  no  case  was  the  crop  taken  off  clcnm. 
The  best  of  the  virgin  crop  was  taken  off  one  year,  and  more  was  har- 
vested two  or  three  years  later.  These  areas,  therefore,  furnish  no  data 
regarding  the  time  necessar}^  to  produce  a  crop.  The  method  of  har- 
vesting has  a  decided  influence  upon  the  future  growth.  It  is  hard 
work  to  secure  all  of  the  old  stems  of  the  prickly  pear,  and  they  are 
also  harder  to  chop  than  the  younger  joints.  If  only  the  younger 
joints  are  taken  off,  the  old  stems  grow  very  vigorously  the  next  few 
years,  and  produce  a  crop  much  (juicker  than  when  chopped  off  at  the 
surface  of  the  ground;  but  the  feeder  invariably  desires  as  much  of  the 
old  stems  as  possible. 

Mr.  Morrill  Porr,  of  San  Antonio,  estimates  that  a  small  area  which 
he  planted  several  years  ago  can  be  profitably  harvested  for  dairy 
purposes  every  two  or  three  years.  This  seems  a  very  short  time  to 
produce  a  paying  crop  of  this  plant. 

OTHEB  ECONOMIC  ASPECTS  OF  THE  CACTI. 

The  large  economic  group  of  cactus  plants,  which  is  peculiarly 
American,  has  not  received  in  this  country  the  attention  it  deserves. 
(See  PI.  IV,  fig.  1,  and  PI.  V.)  Some  of  the  species  naturalized  in  the 
Mediterranean  countries  of  three  continents  form  the  main  article  of 
diet  of  millions  of  people  during  one  or  more  months  of  each  year. 
Some  of  the  improved  forms  have  ])een  introduced  from  the  Old 
World  into  this  country.  Throughout  the  Southwest  and  northern 
Mexico  it  is  a  conunon  and  familiar  sight  to  find  gigantic  forms  of  the 


CONDITIONS    IN   THE    PRIOKLY-PEAR   REGION.  41 

?kly  pear  15  to  20  feet  high  about  the  old  miswions  and  upon  the 

retv  ranches  and  haciendas.     (PI.  IV,  fig.  1.) 

^he  f  i-uits  are  so  highh^  prized  by  the  Italian's  that  there  is  a  limited 

rket  for  them  in  the  larger  cities  of  this  country  at  the  present 

le.      They  are  imported  from  Italy,  and  sold  at  a  price  about  equal 

oranges,  bulk  for  bulk. 

The  following  rather  formal  list  of  the  uses  of  these  plants,  together 

ih  what  has  been  said  in  the  body  of  this  bulletin,  will  give  some 

a  as  to  the  use  that  is  made  of  them  by  various  peoples: 

1)  The  fruits  of  not  less  than  a  dozen  Mexican  species  are  delicious, 

1  would  form  a  valuable  addition  to  our  fruit  supply.     At  least  one- 

If  of  these  are  now  growing  out  of  doors  in  private  collections  of 

5ti  in  this  country.     (PL  V,  tig.  2.) 

[2)   Very  palatable  jellies  are  manufactured  from  the  fruits  of  some 

Bi'ios,  and  could  doubtless,  under  proper  conuuercial  methods,  be  put 

on  the  market  as  choice  delicacies,  if  the  plants  can  be  successfully 

own  in  sufficient  numbers. 

(H)  The  young  joints  are  boiled  for  food  by  the  Mexican  people  as 

eens. 

(4r)  The  young  joints  are  manufactured  into  pickles. 

(5)  The  young  joints  are  chopped  into  small  pieces  and  dried  for 

iture  use. 

(0)  The  expressed  juices  are  used  by  the  Mexicans  for  mixing  with 

hitewash  for  exterior  work. 

(7)  Man}'  species  are  used  for  hedges,  l)orders,  fences,  and  other 
sef  ul  or  ornamental  plantings. 

(S)  The  pulp  of  the  group  of  cacti  known  to  the  Mexicans  by  the 
ime  of  vinnaga  is  boiled  with  sugar  in  the  manufacture  of  cactus 
indy. 

(9)  The  soft,  pulpy  tissues  of  cacti,  })eing  v^ery  retentive  of  moisture, 
re  admirabl}'  adapted  and  extensively  used  for  poultices. 

(10)  Some  species  yield  valuable  drugs. 

(11)  Before  the  development  of  the  coal-tar  dyes  some  of  the  species 
rere  largely  used  as  hosts  for  the  cochineal  insect. 

(12)  The  peculiar  reticulations  of  the  vascular  sj^stem  of  many  spe- 
ies  are  taken  advantage  of  in  the  manufacture  of  an  endless  variety 
f  art  goods. 

JOME  CONDITIONS  OBTAINING  IN  THE  PBICKLT-PEAR  REGION. 

There  is  probably  no  locality  in  the  United  States  where  labor  is  so 

heap  as  it  is  in  the  prickly-pear  region.     While  it  is  a  poor  class, 

king  largely  of  the  Mexican  peon  type,  and  not  so  good,  man  for  man, 

the  average  American  labor,  wages  are  so  low  that  many  enterprises 

pending  upon  the  price  of  labor  can  be  undertaken  there  when  they 

uld  not  be  established  elsewhere.     The  average  rancher  in  many 
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parts  of  the  region  never  thinks  of  doing  his  own  hauling.  So  low  is 
the  price  charged  })y  the  Mexican  freighters  that  the  rancher  win  nd 
afford  to  do  it  himself.  *  The  rancher  who  feeds  cotton-seed  meal,  fat 
instance,  buys  it  of  his  lo<*al  merchant,  who  delivei"8  it  at  the  ranch^ 
often  50  miles  distant,  the  merchant  adding  to  the  selling  price  what 
he  has  to  pay  the  loi'al  freighter,  who  hauls  it  either  with  oxen  oi 
mules,  hut  usually  with  the  former.  Here  we  have  the  free-deliven 
system  of  the  cit\',  enlarged  to  apply  to  an  area  of  country  possihli 
KH)  miles  square;  but,  instead  of  owning  his  own  teams  and  hiring  his 
men  by  the  month,  the  merchant  conti'acts  for  the  hauling  with  a  clita 
of  labor  that  will  do  it  cheaper  than  he  can  afford  to  do  it  him^self. 
This  class  of  labor  has  a  very  potent  influence  upon  the  utility  of  thi 
pear  as  a  cattle  feed.  Where  pear  is  chopped  with  a  machine  then 
is  considerable  labor  involved,  the  price  of  which,  of  course,  goveras 
the  profit  of  feeding.  If  it  is  assumed  that  a  crew  of  8  men  can  fed 
1,200  cattle — and  this  is  a  low  estimate — the  cost  where  pear  is  co* 
venient  is  very  slight  with  labor  at  the  price  that  it  is  here.  Tb 
itemized  expense  is  about  as  follows: 

Hire  of  seven  men,  at  50  cents  a  day $3.^ 

Hire  of  one  foreman 71 

Board  of  eight  men 1. 01 

Interest  on  machine  and  engine  i)er  day,  when  operated  four  months  per  year.  .  1^ 
Gasoline 3.U1 

Total  cost a« 

The  above  is  probabl}^  the  minimum  cost  of  a  full  maintenance  ratioi 
of  i^ear.  In  practice,  a  much  larger  number  of  animals  can  be  fe^ 
with  one  machine  if  the  cattle  are  allowed  the  run  of  pastures  whicl 
contjiin  some  browse  and  dry  grass,  when  the  feeding  is  done  simplj 
to  carry  through  a  drought. 

To  the  al)ove  must  be  added  the  cost  of  whatever  meal  is  fed.  M 
stated  on  previous  pages,  the  majority  of  feeders  who  feed  simply  U 
maintain  their  herds  through  a  drought  give  each  animal  1  pound  d 
cotton-seed  meal  in  addition  to  the  pear.  With  such  a  i*ation,  stocli 
make  material  gjiins  in  flesh  and  strength.  Those  who  feed  for  the 
market  in  closed  pens  aim  to  give  the  stock  all  the  pear  they  will  eat, 
with  a  ration  of  3  pounds  of  cotton-seed  meal,  gmduall}^  increased  to 
<>  pounds. 

The  average  wage  for  a  herder  is  $7  to  $10  a  month,  and  board. 
Formerly  the  latter  consisted  of  a  ration  approximately  as  follow>: 
Two  sheep  or  goats,  40  pounds  of  corn  meal,  4  pounds  of  coffee,  4 
pounds  of  sugar,  and  6  pounds  of  f rijoles.  At  the  present  time  wagw 
are  a  little  higher,  but  still  not  over  $12  to  $15,  with  possibly  a  more 
liberal  bill  of  fare.  A  very  common  practice  is  to  hire  for  a  stat^ 
period,  for  instance,  for  one  year,  at  $12  or  $16  per  month,  with  a 
forfeiture  of  $3  })er  month  if  the  servant  quits  before  the  end  of  the 
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stipulated  time.  During  dry  seasons  the  rancher  in  southern  Texas 
has  no  diflSculty  whatever  in  securing  help,  for  the  poorer  classes  of 
northern  Mexico  are  very  needy  at  these  times  and  are  willing  to  work 
at  as  low  a  rate  as  25  cents  per  day  and  board. 

The  gradual  extension  of  the  cotton  belt  into  the  pear  region  is 
destined  eventually  to  have  a  very  potent  influence  upon  the  feeding 
of  pear  for  fattening  stock.  The  use  of  pear  with  cotton-seed  products 
is  very  much  in  favor.  The  development  of  the  pumping  projects, 
together  with  artesian  water  in  some  localities,  while  withdrawing 
some  lands  from  direct  grazing,  will  contribute  nevertheless  very 
materially  to  stock  raising.  The  areas  devoted  to  cotton  culture  will 
especially  contribute  a  valuable  support  to  the  stock  industry,  and  the 
cotton-seed  products  will  find  a  ready  local  market.  The  pear,  fed  as  a 
roughage,  with  these  cotton-seed  products  deprived  of  the  present 
high  transportation  rates,  will  add  perceptibly  to  the  i-ancher's  ability 
to  mature  the  beef  which  he  has  always  been  able  to  breed  success- 
fully but  not  always  to  fatten  economically. 

POPTTULB  POSTXTIiATES  OF  CACTUS  FEEDING. 

Data  secured  from  popular  sources  appear  to  warrant  the  following 
conclusions,  many  of  which  are  reservedly  stated;  it  is  hoped  they  can 
be  experimentally  verified  in  the  near  future. 

Prickly  pear,  although  poor  in  nutritive  quality,  can  be  fed  to 
decided  advantage  under  several  conditions  and  for  seveml  purposes: 

(1)  To  save  cjittle  during  a  prolonged  drought,  when  other  more 
nutritious  feed  is  scarce. 

(2)  To  fatten  cattle,  when  employed  as  a  roughage  with  more  con- 
centrated feed. 

(8)  When  fed  with  more  concentrated  foods  and  some  hay  or  pas- 
ture, it  is  a  v^aluable  accessory  to  the  dairy  ration;  it  supplies  sucxui- 
lence  which  it  is  difficult  to  secure  in  semiarid  regions  a  large  part  of 
the  vear. 

(4)  Oxen  can  be  worked  on  a  ration  consisting  very  largely  of  pear 
for  an  indefinite  period. 

A  full-grown  steer  fed  on  pear  alone  will  consume  from  125  to  2O0 
ixjunds  daih'. 

Mature  steers,  accustomed  to  a  pear  diet,  can  live  in  a  pear  pasture 
a  long  time  without  water. 

Oxen  worked  on  pear  drink  water  two  or  three  times  a  week  in 
summer  and  once  a  week  in  winter. 

A  good  milk  ration  of  pear,  with  plenty  of  other  nutritious  feed, 
will  consist  of  from  40  to  70  pounds  of  pear  for  each  animal  a  day. 

Pear,  fed  whole,  especialU^  when  stock  has  little  else  to  eat,  is  likely 
to  form  fib?r  Imlls  and  kill  a  small  percentage  of  cattle  during  pro- 
longexi  feeding. 
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Pear,  when  burned,  scours  cattle  much  worse  than  when  it  is  simplj 
scorched  enough  to  take  the  thorns  oflf. 

Pear  with  many  thorns  is  as  easily  prepared  for  the  use  of  stock  as 
that  which  has  but  few  thorns. 

It  is  quite  probable  that  all  the  larger  species  of  cactus  can  be  fed 
to  stock  to  advantage  when  properly  prepared. 

Prickly  pear  and  other  species  of  cactus  may  be  fed  in  a  variety 
of  ways: 

(1)  Cattle  accustomed  to  pear  eat  more  or  less  of  it  during  the  entire 
year,  whether  there  is  plenty  of  other  feed  or  not,  and  with  no  prepa- 
ration. 

(2)  The  thorns  may  be  scorched  off  with  brush. 

(3)  The  thorns  may  be  scorched  off  with  a  gasoline  torch — a  modified 
plumber's  torch. 

(4)  The  edges  of  the  joints  may  be  trimmed  off  with  a  machete, 
when  stock,  especially  sheep  and  goats,  gain  access  to  the  pulpy  mass 
at  an  advantage. 

(5)  The  plants  may  be  piled  in  heaps  in  a  field  and  choppcKi  into 
small  pieces  with  a  machete. 

(6)  The  whole  plant  may  be  chopped  into  pieces  i  to  1  inch  long 
with  machines  prepared  for  that  purpose. 

(7)  In  some  localities  the  whole  plant  is  steamed  in  large  vats  to 
render  the  spines  innocuous. 

A  cow,  with  calf,  fed  on  prickly  pear  alone  will  lose  flesh  very 
mpidly. 

Cotton-seed  meal  or  cake  and  cotton  seed  app^r  to  be  well  adapted 
to  feeding  with  pear. 

Hogs  fatten  well  on  the  fruit  of  the  prickly  pear,  and  they  take 
kindly  to  a  ration  of  prickly  pear  when  the  thorns  are  properly  singed 
off. 

Stock  fed  on  prickly  pear  and  cotton-seed  products  are  said  to  suffer 
heavy  shrinkage  on  the  way  to  market. 

Pear  as  feed  for  stock  is  of  sufficient  value  to  warrant  investigations 
for  the  purpose  of  determining: 

(1)  How  it  may  best  be  propagated. 

(2)  Whether  there  are  species  in  foreign  countries  of  greater  value 
than  those  which  are  native  to  the  Southwest. 

(3)  Its  exact  value  as  food  for  both  man  and  beast. 

(4)  The  nature  and  cause  of  the  rapid  fermentation  in  the  chopped 
material. 

(5)  The  comparative  value  of  different  species. 

(6)  The  comparative  value  of  old  and  new  growth. 

(7)  The  exact  influence  upon  quantity  and  quality  of  milk. 

The  old  woody  stems  are  preferred  by  feeders  to  the  young  joints. 
When  fed  for  suc(*ulence,  as  is  the  case  in  dry  weather,  the  young 
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ypctls  (joints)  are  of  more  value  than  when  a  maintenance,  or  fatten- 
g-,  ration  is  desired. 

r  has  been  fed  in  Texas  since  the  early  Spanish  occupation, 
is  better  feed  from  the  time  that  frost  strikes  it  in  the  fall 
[itil  it  begins  to  grow  in  the  spring  than  in  other  seasons. 
Oattle  and  working  oxen  will  eat  a  large  ration  of  pear,  properly 
repaired,  when  there  is  an  abundance  of  the  best  of  green  grass  for 
leni  to  eat. 

Pear  has  a  decided  value  in  toning  up  the  system  of  cattle  that  have 
ved  on  dry  grass  for  several  months.  Two-year  olds  especially  are 
enefited  by  a  partial  ration  of  it  for  a  short  time. 

All  cattle,  sheep,  and  goats  soon  become  accustomed  to  eating  pear. 
lie  sound  of  the  pear  machine  or  the  sight  of  smoke  in  the  pastures 
rhere  stock  are  fed  attracts  the  entire  herd  immediatelv. 

The  different  f^cies  and  varieties  of  pear,  while  of  value,  differ  in 
beir  feeding  qualities. 

The  development  of  pear  feeding  will  increase  the  utility  of  concen- 
rated  feed  stuffs,  such  as  cotton-seed  products. 

The  greatest  promise  for  pear  is  in  the  line  of  milk  production.  The 
ralue  of  the  succulence  for  the  winter  months  will  probably  pay  for 
!;he  propagation  of  small  acreages  for  this  purpose. 

Burning  with  a  pear  burner  tends  to  kill  out  the  pear  if  close  pas- 
turing is  practiced  afterwards. 

It  is  a  mistake  to  harvest  pear  too  closely  unless  it  is  desired  to 
thin  it  out. 

Pear  makes  sufficient  growth  in  average  seasons  so  that  it  may  be 
harvested  every  five  years. 

When  fed  a  full  roughage  ration  of  pear,  cattle  scour  more  or  less 
all  of  the  time. 

There  are  four  machines  on  the  market  for  preparing  pear  for  the 
use  of  stock — two  burners  and  two  choppers. 

One  man  with  a  pear  burner  can  feed  400  cattle  in  a  brush  pasture. 
The  gasoline  consumed  will  range  from  <>  to  10  gallons  per  day. 

Ten  men  with  a  pear  chopper  can  feed  from  1,500  to  2,000  cattle 
under  the  same  conditions. 

Inquiri'^  at  hide  establishments  and  stock  markets  fails  to  reveal 
any  serious  injury  done  by  the  spines  to  commercial  cattle  products, 
although  the  spines  work  into  the  flesh  considerably. 

Cattle  fed  on  pear  chopped  with  a  machete,  and  not  burned,  often 
get  their  mouths  so  full  of  spines  after  a  time  that  they  are  unable  to 
eat  at  all. 

The  crushing  action  of  the  chopping  machine  renders  the  spines 
innocuous. 

Chopped  pear  sours  very  quickly,  and  must,  therefore,  be  fed  very 
soon  after  being  chopped. 
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Pear  cut  and  piled  up  modeiutely  will  keep  in  good  condition  for  a 
month  or  more,  if  not  left  in  the  sun. 

There  is  no  object  in  preparing  ensilage  from  pear,  even  if  it  can  W 
successfully  done. 

The  pear  has  a  large  number  of  enemies,  consisting  mainly  of  insect^ 
and  fungi.     Rats  and  rabbits  are  also  injurious  in  some  seasons. 

The  pear  has  two  characteristics  which  render  it  especially  valuable 
for  pistures: 

(1)  It  can  withstand  long  periods  of  drought  without  injur}'.  It 
has  limitations,  however,  in  drought  resistance.  It  has  lx?en  severely 
injured  during  some  droughts  within  the  memory  of  the  presfent 
generation. 

(2)  It  is  protected  by  spines,  so  that  it  can  not  be  materially  injured 
by  overgrazing  without  artificial  prepai'ation.  A  thornless  i>ear,  in  a 
pasture  grazed  the  entire  year,  would  soon  be  exterminated. 

Pear  is  not  particularly  difficult  to  keep  in  subjection,  nor  i:^  it 
spreading  of  its  own  accord  to  any  alarming  extent.  However,  to 
prepare  a  pear  thicket  for  cultivation  is  expensive,  for  all  of  the  pear 
must  be  hauled  out  of  the  field.     It  can  not  be  burned  like  brush. 

There  are  many  areas  in  extreme  southwestern  Texas  where  pear 
is  so  thick  as  to  interfere  with  the  growth  of  grass.  The  feeding 
here  should  be  done  with  the  view  of  thinning  the  pear  rather  than 
destroying  it. 

The  destruction  of  the  pear  in  southwestern  Texas  would  be  a 
severe  calamity  to  the  stock  industry. 

The  practice  of  preparing  pear  with  a  machete  by  cutting  off  the 
edges  of  the  joints  tends  to  form  pear  thickets,  which  is  often  die^- 
advantagcous. 

In  practice,  pear  is  very  seldom  fed  alone.  Even  during  the  severest 
drought  cattle  are  able  to  pick  up  some  old  graas  and  get  a  little  brow^* 
from  the  abundance  of  brush  that  exists  throughout  the  pear  region. 
It  is  seldom  that  the  Texas  rancher  feeds  it  without  some  cotton-seed 
meal,  although  the  cactus  of  southwestern  Colorado  has  usually  l>een 
fed  alone. 

Cacti  have  many  uses  besides  that  of  forage. 

Prickly  pear,  including  several  species  in  southwestern  Texas,  the 
cane  cactus  of  southeastern  Colorado  and  New  Mexico,  and  the  cholia 
and  related  species  in  one  or  two  localities  in  Arizona,  are  the  only 
species  of  cactus  that  have  been  fed  to  any  extent  in  this  country. 
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DESOBIPTIOir  OF  PUITES. 

Platk  I.  FrotUmpiere.  Old  and  new  ways  of  singeing  facti.  Fig.  1. — ^The  ea» 
(ractiiH  of  southeaijtern  Colorado,  mngetl  with  brush.  April,  1904.  Fig.  2. — Th\ 
prickly  pt^r  of  Texas,  singed  with  a  torch.  This  is  a  typical  illiv<tration  of  th' 
method  largely  employe<l  throughout  8<3uthern  Texas  of  de*«troying  the  evil  efe' 
of  the  spines  by  singeing  with  a  blast  flame  from  a  gasoline  tor(*h  especimlly  pre 
pared  for  this  purposes     Sinclair  ranch,  near  San  Antonio,  Tex.,  May,  19(H. 

Platk  II.  The  prickly  j>ear  and  a  i)ear  machine.  Fig.  1. — One  of  the  comnK^ 
prickly  i)ears  of  Texas  in  full  fruit.  This  plant  is  bearing  rather  abnormally  thJ 
year.  (tIiu^s  ranch,  near  Kagle  Pass,  Tex.,  May,  1904.  Fig.  2. — A  type  of  pea 
cutt*»r  fw  R»t  up  and  o|wrated  by  Mr.  J.  C.  Glass  two  years  ago.  Machine  a 
seen  from  the  horsepower  platform.     May,  1904. 

Plate  III.  Another  type  of  pc»ar  cutter.  Fig.  1.— Front  view,  showing  knivrt 
together  with  a  sheet-inm  shield  which  aetw  as  a  back  stop  for  the  pear,  whicti  i 
fed  against  the  face  of  the  revolving  wheel.  June,  1904.  Fig.  2. — Rear  vivm 
with  casing  removed,  showing  the  l)oxes  l)ehind  the  knives  into  which  tb 
choppcnl  pear  paj^ses  and  is  carrie<l  out  of  the  machine.  The  deliver}'  openin; 
of  one  of  these  is  shown  on  the  left.     Jime,  1904. 

Platk  IV.  Fig.  1. — Nopal  de  Castilla,  cultivated  in  southern  California.  Such  ; 
scene  as  this  is  common  in  the  vicinity  of  the  old  missions  and  larger  hatnen^ia 
throughout  northern  Mexico  and  the  southwestern  United  States*.  This  plants 
tion  is  doubtless  upward  of  30  years  of  age,  and  some  of  the  plants  are  20  t<»  3 
feet  high.  Fig.  2. — A  pear  thicket  on  the  (Tlafis  ranch,  Eagle  Pass,  Tex.  Thi 
is  typical  of  large  areas  in  this  part  of  Texas.     May,  1904. 

Platk  V.  The  Tapuna  pear.  Fig.  1. — A  single  plant  of  the  Tapuna  pear  nea 
Alonzo,  Mexico.  The  fruite  of  this  species  are  highly  prized  as  an  article  of  diet 
and  are  alK)ut  the  first  that  apjx^ar  in  the  markets  of  San  Luis  PotoeL  *ni 
spines  are  not  numerous  and  the  joints  are  very  thick  and  succulent.  AIodxo 
Mexico,  June,  1904.  Fig.  2. — Fruit  of  the  Tapuna  pear  in  one  of  the  mazie 
places  at  San  Luis  Potosi,  Mexico.    June,  1904. 
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F«J.  1.— One  of  the  Common  Pricklv  Pears  of  Texas 


1  Type  of  Pear  Cutter,  as  Set  Up  and  Opehateo  bv  J,  C.  Glass. 
THE    PRICKLY    PEAR    AND    A    PEAR    MACHINE. 


E  Castilla,  Cultivated  in  Southebn  CALifORNiA 


Fig.  2.— a  Pear  Thicket  on  the  Glass  Ramch,  Eagle  Pass.  Tek. 
PRICKLY     PEARS     IN     CALIFORNIA    AND    TEXAS. 


FiQ.  1  .—A  Single  Plant  o 


Fig.  2.— FnuiT  of  the  Tapun*  Pear  in  One  of  the  Market  Places  at  San  L 
PoTosi,  Mexico. 

THE     TAPUNA     PEAR, 


s  Seeded  in  the  Autum. 


FiQ.  2.— Same  Plot  Shown  in  Figure  1,  Two  Years  Later. 
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LETTER  OF  TRANSMITTAL. 


U.  S.  Department  of  Agriculture, 

Bureau  of  Plant  Industry, 

Office  of  the  Chief, 
Washington^  D.  C,  Fehniary  ^4,  190-^. 

Sir:  I  have  the  honor  to  transmit  herewith  the  manuscript  of  a 
[Hiper  on  Range  Management  in  the  State  of  Washington,  which  em- 
bodies a  report  upon  investigations  conducted  in  cooperation  with  the 
IVashington  State  Experiment  Station. 

This  paper  is  a  valuable  contribution  to  our  knowledge  of  improve- 
ment of  range  lands,  and  I  respectfully  recommend  that  it  be  issued  as 
Bulletin  No.  75  of  the  Bureau  series. 

The  accompanying  illustrations  are  necessary  to  a  complete  under- 
ending  of  the  text. 

Respectfully,  B.  T.  Galloway, 

Chief  of  Bureau, 
Hon.  James  Wilson, 

Secretary  of  Agriculture. 
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PREFACE. 


In  the  spring  of  1901  cooperative  arrangements  were  entered  into 
letween  the  United  States  Department  of  Agriculture  and  the  Agri- 
niltural  Experiment  Station  of  the  State  of  Washington  for  the 
conduct  of  investigations  on  range  lands  in  that  State.  These  inves- 
igations  were  inaugurated  by  the  writer,  who  at  that  time  was  agri- 
mlturist  of  the  Washington  State  Experiment  Station,  acting  both 
for  the  station  and  for  the  Department  of  Agriculture,  under  the 
Jirection  of  the  then  Agi'ostologist,  and  the  details  of  the  work 
planned  were  carried  out  by  Mr.  J.  S.  Cotton,  under  the  direction  of- 
Ihe  writer.  This  cooperative  arrangement  continued  until  the  end 
^f  December,  1903.  Since  June  1,  1904,  the  work  has  been  continued 
ky  the  United  States  Department  of  Agriculture  under  the  direction 
of  the  writer,  the  details  of  the  work  being  again  carried  out  by  Mr. 
Cotton. 

In  1901  experiments  were  undertaken  on  Rattlesnake  Mountain, , 
it  a  point  16  miles  north  of  Prosser,  Wash.,  with  a  view  to  determin- 
ing what  grasses  could  be  established  on  the  range  by  seeding  by 
Bifferent  methods.  In  October,  1902,  similar  experiments  were 
Inaugurated  at  the  Wenatchee  Mountain  Station  on  the  high  range 
l>f  mountains  separating  the  Kittitas  Valley  from  the  Columbia 
Valley  to  the  north. 

In  addition  to  the  seeding  experiments  above  mentioned,  Mr.  Cot- 
Ion  has  spent  much  time  in  studying  the  methods  used  for  managing 
stock  upon  the  range  throughout  central  Washington,  and  the  accom- 
panying bulletin  gives  the  results  of  the  seeding  experiments  and  of 
^r.  Cotton's  studies  on  range  management.  Some  of  the  work  has 
demonstrated  that  certain  grasses  can  be  established  in  favorable 
localities  in  a  manner  which  is  entirely  j)racti cable,  while  Mr.  Cotton's 
conclusions  regarding  methods  of  range  management  can  not  fail 
to  be  of  great  interest  to  stockmen  in  that  section. 

W.  J.  Spillman, 

Agrofitologist, 
Office  of  Grass  and  Forage  Plant  Investigations, 

Washington^  D.  6'.,  February  24,  7906. 
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i^NGE  MANAGEMENT  IN  THE  STATE  OF 

WASHINGTON. 


INTBODUGTIO»r. 

Owing  to  the  greatly  lowered  carrying  capacity  of  ranges  in  the 
Jtate  of  Washington,  investigations  were  begun  in  the  spring  of  1901 
»  determine,  if  possible,  w^hat  steps  must  be  taken  to  preserve  these 
unges  and  what  methods  should  be  used  to  bring  the  badly  over- 
jrazed  areas  back  to  their  original  state  of  productivity.  These 
investigations  were  carried  on  cooperatively  between  the  Bureau  of 
Plant  Industry  of  the  United  States  Department  of  Agriculture  and 
Ihe  Washington  Agricultural  Experiment  Station  from  that  time 
intil  January  1,  1904,  when  the  experiment  station  withdrew.  Since 
that  time  these  investigations  have  been  carried  on  independently 
by  the  Bureau  of  Plant  Industry. 

In  the  early  nineties  the  ranges  were  very  much  overgrazed,  and 
»wing  to  the  overcrowded  conditions  were  deteriorating  very  rapidly. 
In  1896  the  Northern  Pacific  Railw^ay  Company,  in  order  to  alleviate 
Ihese  conditions,  which  by  that  time  had  become  very  serious,  insti- 
tuted a  system  of  leasing  the  railroad  land,  or  odd  sections,  of  the 
p^zing  areas  to  the  stockmen.  The  motive  in  leasing  this  land  was 
lo  prevent  the  destruction  of  the  native  forage  plants  of  the  grazing 
ireas,  which  meant  the  removal  of  the  stockmen  from  that  region 
ind  a  consequent  loss  of  traffic  to  the  railway  company.  The  first 
lease  of  this  kind  was  issued  on  July  1,  1890.  Between  that  date  and 
luhe  13, 1903,  over  300  leases,  embracing  about  1,500,000  acres  of  land, 
•fere  issued,  and  at  the  present  time  the  greater  part  of  these  ranges  is 
under  the  control  of  private  individuals. 

While  this  system  Avas  bitterly  opposed  by  some  of  the  stockmen, 
it  really  proved  to  be  of  great  benefit  to  the  State  at  large,  as  it 
enabled  those  people  w^ho  had  homes  in  the  grazing  country  to  secure 
control  of  the  railroad  lands  about  them  by  means  of  a  lease,  and  thus 
protect  themselves  from  the  ravages  of  nomadic  stock.  The  more 
progressive  stockmen  immediately  availed  themselves  of  this  oppor- 
tunity. The  nomadic  stockmen — to  protect  themselves  from  each 
other  and  to  prevent  being  forced  out  of  the  coimtry — also  leased 
grazing  lands  sufficient  for  their  needs.    Had  it  not  been  for  the  large 
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numbers  of  range  horses  that  were  allowed  to  run  at  will  throughoul 
the  entire  year,  and  thus  continue  their  depredations,  this  systen 
would  undoubtedly  have  proved  very  satisfactory. 

Shortly  after  this  leasing  system  had  been  inaugurated  a  heavj 
immigration  to  central  Washington  took  place.  This  immigration 
together  with  the  discovery  which  had  been  made  shortly  before,  thai 
large  areas  of  land  previously  supposed  to  be  of  value  for  graziii|3 
purposes  only  would  grow  wheat,  caused  a  rapid  settling  up  of  thij 
region.  As  a  result,  large  areas  of  bunch-grass  land  were  home 
steaded  and  purchased,  until  at  the  present  time  nearly  all  the  lane 
that  is  smooth  enough  for  cultivation  is  used  in  growing  wheat,  or  it 
l)eing  prepared  for  that  purpose.  This  rapid  settling  up  of  tin 
bunch-grass  land  has  forced  the  stm^kmcn  into  the  coulee  and  hili 
lands,  too  rough  for  cultivation,  and  into  the  true  arid  regions  and  lh< 
mountains.  In  the  arid  regions  the  range  is  also  gradually  growinj 
less,  a  condition  which  will  continue,  as  irrigation,  owing  to  th< 
incentive  given  it  by  Federal  legislation,  will  be  vastly  extended  ii 
the  near  future.  * 

The  progressive  stockmen,  in  order  to  keep  pace  with  the  rapid 
development  of  the  country  for  farming  purposes,  which  has  re«ultec 
in  the  crowding  of  their  stock  into  much  smaller  confines,  have  pur 
chased  railroad  lands,  and  wherever  possible  they  have  also  leasee 
the  State  lands  that  are  unfit  for  cultivation  and  have  fenced  then 
for  grazing  purposes.  Many  of  the  original  purchasers  of  the  rangi 
lands  are  now  in  a  prosperous  condition.  Others,  who  have  acquired 
their  lands  within  the  past  two  or  three  years,  are  finding  theniselvej 
seriously  handicapiwd  owing  to  the  badly  depleted  condition  of  thesi 
ranges.  Although  they  have  much  more  to  contend  with  than  thoaa 
who  purchased  before  the  depletion  of  the  ranges  was  so  great  thej 
will  wifli  persistent  effort  and  judicious  managiMuent  eventually  be 
successful.  Those  who  have  l)een  too  slow  to  realize  the  changed 
conditions  have  found  themselves  without  range  land,  and  for  th< 
most  part  these  men  have  been  compelled  to  go  out  of  stock  raisin| 
as  a  business.  At  the  present  time  there  is  very  little  free  rangi 
land  except  in  the  high  mountain  areas,  where  the  grazing  season 
does  not  last  more  than  five  months,  and  in  the  Okanogan  country, 

In  the  Okanogan  country,  owing  to  the  presimt  laws,  it  is  im|H)s- 
sible  to  secure  tracts  of  land  larger  than  160  acres.  Upon  so  small 
an  area  no  one  can  make  a  living,  and  settlers  are  therefore  dependent 
in  part  upon  the  outside  range.  Fortunately  for  them  the  natural 
conditions  have  in  the  past  protected  the  country  from  being  made  a 
wilderness  by  overgrazing.  The  winters  are  long  and  the  snowfall 
is  quite  heavy,  thus  necessitating  winter  feeding.  .  For  this  reason 
the  range  horses,  which  have  been  a  very  great  factor  in  the  destruc- 
tion of  the  ranges  to  the  south,  are  not  found  to  any  great  extent  in 
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Ihis  region.  The  strong  opposition  of  the  cattlemen,  together  with 
the  long  feeding  season,  has  also  prevented  sheep  from  gaining  an 
entrance  to  any  appreciable  extent.  Again,  the  cattlemen  them- 
selves have  been  limited  in  the  numlKM*  of  cattle  they  could  run  on  a 
range  by  the  quantity  of  hay  for  winter  feeding  they  could  raise 
on  their  irrigated  ranches  in  the  river  and  creek  valleys.  The 
Okanogan  ranges  will  last  for  a  number  of  years,  but  as  the  country 
is  gradually  settled  up  these  grazing  lands  will  eventually  suffer  the 
same  fate  as  all  other  grazing  lands  in  the  State,  unless  some  system 
can  be  devised  for  their  protection. 

The  area  of  free  range  in  the  mountains  is  also  rapidly  decreasing. 
The  creation  of  two  large  forest  reserves  in  the  C^asc^ades — the  Wash- 
ington Forest  Reserve  in  the  northern  part  and  tlie  Mount  Rainier 
Forest  Reserve  in  the  southern  part — has  greatly  reduced  the  free 
mountain  range.  While,  of  course,  stock  is  not  entirely  prohibited 
from  these  areas,  the  number  allowed  on  them  is  far  less  than  was 
accustomed  to  graze  there  before  the  reserves  were  created.  This 
restriction  has  naturally  resulted  in  a  very  crowded  condition  of  the 
stcK'k  in  the  summer  pastures  outside  of  the  reserves,  and  at  the  rate 
at  which  the  grass  was  being  taken  a  couple  of  yeai's  ago  it  looked 
as  though  these  areas  would  soon  be  as  badly  devastated  as  the  lower 
r:\nge  lands.  However,  within  the  last  three  years  the  timber  com- 
panies have  been  buying  up  large  tracts,  part  of  which  they  are 
leasing  to  cattlemen  for  five-year  periods,  while  no  stock  is  allowed 
on  the  remainder.  At  the  same  time,  in  the  more  accessible  areas, 
where  the  grazing  season  is  long  enough  to  make  it  profitable  to  do  so, 
the  stockmen  have  been  purchasing  large  tracts  of  this  summer  range. 
These  purchases  on  the  part  of  the  timbermen  and  the  stockmen 
living  in  the  near  vicinity  have  resulted  in  almost  entirely  shutting 
out  nomadic  stock  from  their  summer  range. 

! 

RANGE  nCPBOVEMENTS. 

The  purchasing  of  the  range  lands  of  the  State  is  greatly  simplify- 
ing the  problem  of  range  improvement.  The  instant  that  the  stock- 
man has  fenced  his  land  he  is  in  a  position  to  protect  it  from  all 
outside  interference,  and  can  control  the  number  of  stock  allowed  on  it. 
*  Instead  of  following  the  old  system  of  grabbing  all  that  he  can  before 
some  one  else  gets  it,  he  will  try  to  use  his  grazing  land  so  that  it  will 
};ield  him  the  highest  results  from  year  to  year. 

WINTER   PASTURES. 

In  the  true  arid  region,  where  sagebrush  (Artemisia  tridentata)  is 
the  prevailing  vegetation,  fencing  and  protecting  the  land  from  over- 
grazing during  that  season  of  the  year  when  the  native  forage  plants 


14       BANGE   MANAGEMENT   IN    THE    STATE    OF    WASHINGTON. 

are  going  to  seed  will  in  all  probability  be  the  only  satisfactory 
method  of  restoration.  This  will  not  be  at  all  difficult,  for,  owing  to 
the  scarcity  of  water  and  to  the  too  great  heat,  the  cattle  and  sheep 
are  taken  to  the  higher  altitudes  during  the  summer  months.  In  this 
way  the  native  vegetation  w^ill  have  a  chance  to  make  a  good  growth 
and  go  to  seed  each  season  without  interference  from  the  stock. 
Through  this  method  the  pasture  will  not  only  yield  a  crop  of  saed  on 
which  future  improvements  will  be  based,  but  the  plants  which  have 
))een  grazed  to  a  point  very  near  that  of  extermination  will  be  ^ven 
a  chance  to  regain  their  former  vigor. 

At  the  present  time  nearly  all  the  perennial  grasses  have  been 
destroyed.  There  are,  however,  enough  of  these  remaining  (having 
l)een  protected  by  growing  in  clumps  of  sagebrush  where  stock  could 
not  reach  them)  to  furnish  a  crop  of  seed,  if  given  a  chance,  although 
this  crop  may  be  very  light  for  the  first  year  or  two.  In  addition  to 
these  there  are  numerous  annual  grasses  and  weeds  that  make  excel- 
lent feed  which,  if  given  an  opportunity,  will  in  time  become  quite 
abundant.  There  are  also  numerous  perennial  shrubs,  such  as  white 
sage  (Eurotia  lanata)^  bitter  brush  (Purshia  triderdatd)^  hop  sage 
{Grayia  spinosa),  and  greasewood  {Sarcohatua  vemiioulutxis) — each 
havins:  its  characteristic  localitv — which  yield  a  considerable  amount 
of  browse,  and  which  will  furnish  seed  for  new  plants. 

The  only  time  of  year  when  special  care  will  need  to  be  exercised  in 
the  grazing  of  these  pastures  will  be  in  the  spring  months,  when  the 
young  plants  begin  to  grow.  If  the  land  be  too  heavily  grazed  at 
that  period  the  young  plants  will  be  entirely  killed  out.  This  trouble 
can,  however,  be  easily  remedied  by  dividing  the  grazing  area  into 
two  or  three  pastures,  and  by  grazing  off  that  portion  of  the  land 
which  is  to  be  allowed  to  restore  itself  during  the  winter  and  exclud- 
ing the  stock  during  the  time  the  young  plants  are  getting  a  start 
The  next  year  another  field  can  be  given  a  like  chance,  and  so  on, 
alternately.  In  this  manner  it  would  be  only  a  few  years — probably 
not  more  than  seven  or  eight — ^before  the  so-called  desert  areas  would 
be  restored  to  their  original  carrying  capacity  before  overgrazing 
took  place.  Meantime  the  stockman  would  have  full  use  of  his  land, 
and  would  be  able  gradually  to  increase  the  numl^er  of  stock  grazing 
on  it,  provided  he  judiciously  confined  the  aggregate  of  his  stock  to 
the  limit  of  the  carrying  .capacity  of  his  range. 

As  an  example  of  this,  the  writer  has  on  several  occasions  observed 
with  interest  an  area  a  few  miles  west  of  Sunnvside.  In  the  earlv 
part  of  1900  this  land  belonged  to  the  open  range.  It  was  fenced 
during  that  season,  and  has  since  that  time  been  used  to  some  ext-ent 
as  a  pasture.  While  this  field  has  not  been  handled  in  an  ideal  man- 
ner, nevertheless  the  native  perennial  grasses,  such  as  sand-grass  or 
needle  grass  {Stipa  comata)^  Indian  millet  {Eriocoma  cuspidata) ,  BXid 
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woolly  wheat-grass  {Agropyron  siihvillosuin)  ^  have  become  consider- 
ably more  abundant  each  season.  By  the  season  of  1904  these  grasses 
had  become  so  abundant  that  it  seems  fair  to  conchide  that  if  given 
an  opportunity  they  will  in  the  course  of  another  three  or  four  years 
make  a  very  good  stand. 

Another  very  strong  proof  of  what  can  be  done  in  the  semiarid 
region  is  shown  in  that  part  of  the  open-range  lands  lying  above  the 
Washington  Irrigation  Company's  canal,  directly  north  of  Prosser. 
Although  fully  as  many  sheep  as  ever  graze  on  this  land  during  the 
winter  season,  the  range  is  actually  improving.  This  is  due  to  the 
fact  that  the  range  horses  have  become  much  less  numerous,  having 
been  sold  to  settlers  or  shipped  out  of  the  State.  In  this  way  the 
vegetation  has  been  given  an  opportunity  to  reseed  itself,  and  it 
has  also  had  a  chance  to  make  some  growth  during  the  summer  while 
the  sheep  and  cattle  were  in  the  mountains. 

In  the  sandy,  sagebrush  area  lying  some  15  to  25  miles  south  of  the 
Great  Northern  Railway,  in  Douglass  County — commonly  known  as 
^'  the  desert '" — ^there  are  several  thousand  acres  of  range  land  where 
there  is  still  excellent  feed.  This  consists  mainly  of  needle  grass 
(jStipa  comata),  Indian  millet  {Erioroma  euspidata)^  and  sunflowers 
{BalsamoiThha  careymm)^  while  bitter  brush  (Purshia  triden- 
tata)  and  various  species  of  Eriogonum  and  Phlox  furnish  a  large 
quantity  of  browse.  The  reason  the  vegetation  in  this  area  remains 
good  while  that  about  it  has  been  very  nearly  destroyed  is  due  to  the 
great  scarcity  of  water,  which  renders  it  almost  inaccessible  to  stock 
during  the  hot  weather.  At  the  present  time  horses  are  the  only 
kind  of  stock  that  can  graze  in  this  region  during  the  summer 
months,  and  even  they  can  only  penetrate  some  10  or  12  miles  at  the 
most,  being  compelled  to  go  to  water  every  day  or  two.  By  reason 
of  this  the  vegetation  has  a  chance  to  reach  its  full  growth  and  to  go 
to  seed  during  the  summer  season.  During  the  winter  months,  when 
stock  can  go  for  several  days  at  a  time  without  water,  this  vegetation 
is  all  eaten  off,  but  this  comes  at  a  time  of  year  when  comparatively 
little  damage  is  done. 

SEMIARID   LANDS. 

The  semiarid  or  true  bunch-grass  lands  can  also  by  judicious  man- 
agement on  the  part  of  the  ^owners  be  brought  back  to  their  original 
state  of  productiveness.  The  best  method  for  improving  these  areas 
will  be  to  fence  them  and  protect  them  from  all  nomadic  stock,  and 
give  the  native  grasses  a  chance  to  restore  themselves. 

The  two  most  important  of  the  native  grasses  are  bunch  wheat- 
grass  {Agropyron  spicatunt)^  which  grows  on  the  hillsides  and 
plateau  lands,  and  giant  rye-grass  (Elymus  conderusatus)^  which 
grows  on  the  bottom  lands  and  on  the  more  or  less  alkaline  situations. 
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At  the  present  time  there  are  large  areas  (see  PL  III,  fig.  1)  when 
all  of  the  native  grasses,  except  June  grass  (Poa  sandhergii)  ^  hav< 
been  destroyed.  The  latter — owing  to  the  fact  that  it  is  not  relishec 
by  stock  after  it  begins  to  head  out — is  still  quite  abundant  and  fur 
nishes  a  large  amount  of  spring  grazing.  Wherever  these  plants  an 
destroyed  sagebrush  {Artemisia  tridentata)  and  rabbit  bru^  oi 
"yellow  sagebrush"  {Chrysothamnm  nauseosvs^  C.  riscidiflonts) 
and  other  weeds  that  are  not  relished  by  stock  have  taken  their  places 

There  is  considerable  difference  of  opinion  among  the  stockmeii  aj 
to  whether  or  not  the  native  grasses,  especially  bunch-grass,  wil 
restore  themselves  if  given  an  opportunity.  Some  claim  that  thesi 
grasses  will  come  back  if  given  a  chance,  while  others  maintain  th< 
contrary  opinion.  Both  are  in  a  measure  correct.  The  truth  of  thij 
matter  depends  largely  upon  how  long  these  grasses  have  been  toe 
closely  grazed.  If  they  have  been  kept  grazed  down  to  a  point  when 
they  have  had  no  opportunity  to  go  to  seed  for  a  number  of  years,  and 
until  the  roots,  unable  to  withstand  the  strain  put  upon  them,  hav< 
died  out,  they  will,  of  course,  not  come  back.  If,  on  the  other  hand 
as  is  for  the  most  part  true,  the  roots  have  not  been  absolutely  killed 
out  or  there  is  still  some  seed  left  in  the  ground,  these  grasses  will 
eventually  restore  themselves,  although  this  process  may  be  extremcl\ 
slow. 

During  the  seasons  of  1901,  1902,  and  1903  experiments  were  car- 
ried on  in  the  Rattlesnake  Mountains,  where  the  annual  precipitation 
is  approximately  13  inches,  to  determine  what  grasses  and  forage 
plants  would  be  of  value  for  use  in  the  restoration  of  the  range. 
These  experiments  proved  that  bunch-grass  could  be  successfully 
grown  on  cultivated  ground.  They  also  showed  that  alfalfa  could 
be  profitably  raised  in  that  locality  and  that  hairy  vetch  {Vicia 
rillosa)  might  prove  of  value  in  range  improvement.  In  this  work 
no  forage  plant  was  found  that  would  give  any  better  yield  than  the 
bunch  wheat-grass  or  the  other  native  grasses.  Even  if  such  a  plant 
could  l>e  found  it  is  doubtful  whether  it  would  stand  the  actual  hard- 
ship that  the  bunch  wheat-grass  or  giant  rye-grass  will  endure,  or 
would  have  the  high  feeding  value  of  the  two  plants  mentioned. 

Where  the  range  is  in  a  very  bad  state  of  depletion,  and  where  the 
native  grasses  have  l)een  nearly  exterminated,  it  is  believed  that  the 
process  of  restoration  can  l)e  greatly  hastened  by  gathering  seed  of 
bunch-grass  and  scattering  it  in  those  areas  where  it  formerly  grew. 
While  experiments  to  prove  this  point  have  not  been  carried  out,  it 
is  very  probable  that  in  favorable  seasons  reseeding  would  be  very 
successful  if  the  seed  were  harrowed  in  or,  if  more  convenient,  thor- 
oughly stamped  in  by  herding  a  bunch  of  sheep  over  the  area  seeded. 
Not  only  will  reseeding  hasten  this  prcxiess  of  restoration,  but  it  will 
give  the  bunch  wheat-grass  a  start  over  the  weeds  that  are  at  the 
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present  time  taking  its  place  in  those  areas  where  overgrazing  is  going 
on.  Experiments  to  determine  this  point  will  be  made  during  1905. 
ITie  same  thing  can  be  done  with  the  giant  rye-grass.  At  the  present 
lime  tlie  seed  of  these  grasses  can  not  be  purchased,  but  usually  it 
irould  not  be  difficult  to  gather  it.  This  can  be  done  by  heading  the 
[grasses  with  a  sickle  and  putting  the  heads  in  a  sack,  or,  if  a  large 
quantity  is  desired,  there  is  no  reason  why  the  bunch-gi*ass  could 
not  be  gathered  with  a  header  and  thrashed  out  with  a  flail.  A 
thrashing  machine  could  be  used  instead  of  a  flail  if  the  wind  were 
shut  oflP.  The  giant  rye-grass  could  easily  be  gathered  by  using  a 
self-binder. 

In  the  foothills  region  lying  between  the  semiarid  grazing  lands 
and  the  mountain  meadows  there  are  large  areas  of  scab  land  (land 
where  the  soil  is  very  thin  and  gravelly  and  full  of  stones),  especially 
'  on  the  hilltops  (see  PL  II,  fig.  1).  In  these  regions  the  grasses  have 
been  almost  completely  destroyed,  and  the  prevailing  vegetation  now 
consists  of  scab-land  sagebrush  {Artemisia  rigida)^  mountain  sage- 
brush {A.  arbu8(nila)y  bitter  brush  (Purshia  tridentata) ^  and  vari- 
ous species  of  Eriogonum,  all  of  which  furnish  considerable  browse. 
Under  proper  management  the  grasses  here  will  eventually  restore 
themselves,  but  the  process  w^ill  take  a  long  time,  in  some  instances 
probably  ten  to  fifteen  years.  The  restoration  may  be  hastened  by 
scattering  bunch  wheat-grass  seed,  but  it  is,  perhaps,  a  question 
v/hether  the  process  of  restoration  will  not  cost  more  than  the  original 
value  of  the  land. 

MOUNTAIN    GRAZING    AR£AS. 

The  mountain  grazing  areas,  or  summer  pastures,  are  at  the  present 
time  very  important  factors  in  the  range  problem  of  the  State.  With 
the  large  quantities  of  hay  that  can  be  raised  in  the  irrigated  valleys 
for  winter  feeding,  the  iumil>er  of  range  stock  that  the  State  can  sup- 
port is — except  in  the  Okanogan  country,  where  the  quantity  of  hay 
raised  is  limited — directly  dependent  upon  the  immber  of  stock  that 
these  summer  pastures  wmII  carry. 

Fortunately,  the  re^storation  of  the  mountain  grazing  areas  will  not 
be  at  all  difficult.  Here  the  annual  precipitation  is  ample  to  support 
an  abundant  vegetation,  which,  if  given  an  opportunity,  will  soon 
grow  up  again.  "VMiile  in  many  of  the  mountain  areas  the  vegetation 
has  been  badly  cleaned  out  by  sheep,  the  most  serious  damage  has 
been  caused  by  stock  tramping  on  the  land  too  early  in  the  season, 
which  has  resulted  in  the  ground  becoming  badly  packed.  In  the  true 
mountain  meadows  (see  PI.  II,  fig.  2),  where  mountain  clover  {Trifo- 
lium  longipes)^  mountain  timothy  (Phleiwi  alpinum.)^  and  various 
sedges  and  rushes  comprise  the  vegetation,  there  is  still  an  abundance 
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of  feed,  but  the  carrying  capacity  of  these  places  has  been  greatly 
reduced  by  the  continual  tramping  of  stock  and  consequent  packing 
of  the  ground.  On  the  hillsides  surrounding  these  meadows,  where 
the  soil  is  much  lighter,  the  herbage  has  in  many  places  been  killed. 
This,  if  protected  and  given  an  opportunity,  will  quickly  return. 
The  worst  feature  in  this  restoration  process  is  that  many  weeds 
which  have  been  brought  in  by  the  sheep,  of  absolutely  no  value  for 
grazing  purposes — not  even  the  sheep  will  eat  them — are  given  an 
equal  chance  with  the  good  forage  plants. 

In  manj^  places,  some  of  them  covering  large  areas,  the  process  of 
restoration  can  be  very  greatly  hastened  by  reseeding.  Not  only  can 
these  areas  be  brought  back  to  their  original  carrying  capacity  by 
reseeding,  but  it  is  the  firm  belief  of  the  writer  that  in  many  instances 
their  carrying  capacity  can  actually  be  made  much  greater  than  ever 
(see  PI.  I,  figs.  1  and  2).  This  is  especially  true  of  the  mountain 
meadows.  In  the  majority  of  cases  the  reseeding  can  l)e  done  at  a 
very  small  cost,  varying  from  75  cents  to  $2  per  acre,  depending 
on  the  kind  of  grass  seed  used  and  the  number  of  pounds  per  acre- 
Even  these  figures  can  probably  be  lowered  if  the  seed  is  bought  in 
considerable  quantity. 

In  the  mountain  meadows  that  are  not  too  swampy,  especially  in 
those  areas  where  mountain  clover  ffrows  abundantlv,  timothv  can 
be  used  to  excellent  advantage.  For  the  outskirts  of  these  meadows, 
where  the  soil  is  a  little  too  dry  for  timothy  to  make  its  best  growth, 
tall  fescue  {Fentuca  elatior)^  brome-grass  {Bromus  in^rrtnis),  and 
probably  orchard  grass  can  be  recommended.  On  the  gravelly  hill- 
sides mountain  brome-grass  (Bromun  marginatus)  ^  a  native  grass, 
can  be  grown  to  good  advantage.  So  far  as  known,  there  is  no  seed 
of  this  latter  gi*ass  on  the  market.  However,  if  there  sliould  l>e  suf- 
ficient demand  for  it,  arrangements  could  be  made  for  securing  it 

The  above  conclusions  have  been  reached  after  two  years  of  experi- 
mentation and  of  studv  of  the  mountain  conditions. 

In  the  autumn  of  1902  Messrs.  W.  H.  Babcock  and  E.  F.  Benson 
offered  the  Office  of  Grass  and  Forage  Plant  Investigations  the  use 
of  a  section  of  land,  wiiich  they  agreed  to  fence,  in  their  mountain 
pasture  on  the  Wenatchee  Mountains,  al)out  midway  between  Ellens- 
burg  and  Wenat(Jiee.  This  offer  was  gladly  accepted,  and  experi- 
ments to  determine  what  grasses  could  be  used  in  the  improvement 
of  these  mountain  areas  were  immediately  begun.  The  land  selected 
is  on  top  of  the  Wenatchee  ridge,  and  is  at  an  altitude  of  a  little- 
more  than  5,000  feet.  The  conditions  on  this  section  are  typical  of 
true  mountain  range,  varying  from  fertile  mountain  meadows  and 
open  parks  to  old  timber  burns  and  scab-land  areas. 

The  following  grasses  and  forage  plants  were  vSeeded  the  same 
autumn:   Timothy,    Kentucky    bluegi-ass    {Poa   pratensis),    redtop. 
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white  clover,  and  mountain  brome-grass  {Bromns  marginatus) . 
These  were  seeded  in  plots  of  approximately  5  acres  each.  On  half 
of  each  of  these  plots  the  seed  was  broadcasted  without  further 
preparation.  On  the  remaining  half  the  seed  was  harrowed  in  with 
a  spring-toothed  harrow.  In  addition  to  these,  small  plots  of  Cana- 
dian rye-grass  {Elymys  canadensis)  and  wild  wheat  (Elymus  triti- 
valdes)  were  seeded. 

In  the  spring  of  1903  the  first  five  plots  were  duplicated  and  the 
foUow^ing  grasses  and  forage  plants  were  added:  Broroe-grass 
{BrowiiS  inermis).  perennial  rye-grass  (Lolium  perenne)^  Italian 
rye-grass  {Lolium  italicitm)^  orchard  grass,  Canadian  bluegrass 
{Poa  compressa)^  tall  fescue  {Festuca  elatior),  sheep's  fescue  {Fes- 
tuca  orina),  hard  fescue  (Festuca  duriusada) ,  cheat  (Bromus  seca- 
linus)j  alsike  clover,  and  red  clover.  All  of  these,  excepting  orchard 
grass,  Italian  rye-grass,  sheep's  fescue,  and  mountain  brome-grass, 
were  duplicated  in  the  fall. 

In  the  autumn  of  1904  some  of  these  grasses,  together  with  six 
diflFerent  kinds  of  vetches  and  some  native  grasses,  were  seeded  on 
plowed  ground.  Reports  of  these  1904  experiments  will  be  published 
when  completed. 

In  the  above  experiments  the  following  grasses  have  given  totally 
negative  results,  the  seed  failing  to  germinate:  Canadian  rye-grass, 
wild  wheat  {Elymus  triticoides)  ^  Kentucky  bluegrass,  white  clover, 
and  hard  fescue  {Festuca  duriuscula).  In  the  following  cases  the 
seed  has  germinated  fairly  well,  but  the  plants  have  not  made  satis- 
factory growth:  Canadian  bluegrass,  perennial  rye-grass,  Italian 
rye-grass,  red  clover,  and  alsike  clover.  It  may  l>e  that  another  year 
the  alsike  clover  will  do  better.  So  f«u"  the  writer  has  been  unable 
to  determine  whether  the  failure  of  this  plant  has  been  due  to  lack 
of  nitrogen  bacteria  or  to  unfavorable  conditions  in  the  soil.  Another 
year's  work  will  probably  demonstrate  the  cause  of  the  failure  of 
this  plant. 

Redtop  and  cheat  (Bromus  secalinus)  have  both  made  a  fair 
growth,  but  can  hardly  be  recommended  at  this  altitude  (5,000  feet). 
Of  the  entire  list  of  grasses  tested,  the  following,  in  the  order  in  which 
Ihey  are  named,  have  proved  themselves  adapted  to  mountain  range 
conditions:  Timothy  (see  PI.  I,  figs.  1  and  2),  mountain  brome-grass 
{Bramus  marginatus)^  tall  fescue,  and  brome-grass.  It  is  probable 
that  orchard  grass  will  also  prove  of  value  in  such  areas. 

WTiile  these  experiments  have  demonstrated  that  the  range  can  l>e 
greatly  improved  by  reseeding,  they  have  also  shown  that,  if  it  is  pos- 
sible to  do  so,  the  seed  should  l)e  harrowed  in.  On  those  areas  where 
the  soil  is  loose,  or  where  pine-grass  (Caiamagrostis  suksdorfi?) 
grows,  a  spring-toothed  harrow  will  be  found  the  most  satisfactory. 
On  those  areas  where  the  sedges  and  mountain  clover  abound,  far 
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better  results  will  be  obtained,  if  the  cost  is  not  too  gixmt,  by  using  a 
disk  harrow.  In  many  cases  it  is  (juite  possible  that  a  bunch  of  sheep 
would  be  fully  as  efficient,  although  this  can  not  be  recommended 
with  assurance,  as  it  has  never  been  tried.  The  timothy  seeded  on  the 
plots  without  harrowing,  in  the  autumn  of  1902,  germinated  fairly 
well,  but  the  difference  between  the  harrowed  and  unharrowed  parts 
of  the  plot  was  very  great — ^great  enough,  in  fact,  to  well  repaj'  the 
cost  of  harrowing.  The  same  thing  held  true  on  the  plots  of  redtop 
and  mountain  brome-grass. 

In  the  work  of  the  spring  of  1903  nearly  all  the  seed  not  harrowed 
in  failed  to  germinate,  while  whei'ever  the  seed  was  harrowed  in  a 
fair  stand  was  obtained.  This  latter  experiment,  and  a  study  of  the 
soil  conditions,  would  show  it  to  be  a  waste  of  effort  to  seed  in  the 
spring  without  covering,  as  the  top  of  the  ground  dries  off  before  the 
seeds  can  get  moisture  enough  to  enable  them  to  germinate  and  grow. 
Mr.  Benson,  one  of  the  owners  of  the  range,  thinks  that  the  experi- 
ments have  shown  conclusively  that  it  is  a  wai>te  of  seed  to  sow  it 
without  harrowing.  This  is  undoubtedly  true  of  spring  seeding,  and 
probably  also  of  fall  seeding  with  many  of  the  grasses.  However,  it 
is  possible  to  sow  timothy  and  mountain  brome-grass  and  to  secure  a 
fair  stand  without  covering,  but,  as  stated  above,  the  extra  cost  of 
harrowing  will  be  well  repaid. 

The  use  of  the  harrow  is  also  strongly  urged  for  other  reasons.  It 
is  very  noticeable  that  wherever  the  harrow  has  been  used  the  native 
grasses  and  forage  plants  have  germinated  much  more  profusely, 
and  in  small  spots  where  there  happened  to  be  seed  scattert'id  from 
a  few  individual  plants  the  stand  has  been  greatly  thickened.  This 
is  especially  true  of  one  of  the  forms  of  Bromiis  "tnarghuitu^^  which 
grows  native  on  that  section,  of  mountain  needle  grass  (Stipa  oai- 
den  talis)  J  and  of  the  wild  pea  {Vicia  americana),       "^ 

In  this  connection,  fall  seeding  instead  of  spring  seeding  is  rec- 
ommended. The  reason  for  this  is  that  the  snow  usually  comes  early 
in  the  autumn  and  goes  away  late  in  the  spring.  As  a  consequence, 
the  ground  seldom  freezes  deep,  and  when  the  snow  melts  in  the 
spring  it  has  a  tendency  to  bury  the  seed  sown  late  in  the  fall.  On 
the  other  hand,  if  the  seed  is  sown  in  the  spring  the  top  of  the  ground 
becomes  so  dry  within  four  or  five  days  after  the  snow  has  disjip- 
peared  that  the  seed  will  have  no  opportunity  to  germinate  unlesb 
the  season  should  prove  to  be  an  unusually  rainy  one. 

FBOTECTION  OF  PASTUBES. 

So  far  emphasis  has  been  put  on  the  fact  that  fencing  is  the  main 
secret  of  range  improvement.  Yet  fencing  is  absolutely  of  no  value 
unless  the  stockman  will  treat  his  pasture  with  just  as  much  care  as 
he  would  his  wheat  field.     Fencing  is  merely  a  means  to  an  end. 
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Many  of  the  stockmen,  especially  cattlemen,  seem  to  think  that  when 
they  have  excluded  the  outside  stock,  sheep  in  particular,  from  their 
land,  it  will  carry  whatever  stock  they  may  have,  and  they  are  dis- 
appointed if  it  does  not.  While  it  is  true  that  some  kinds  of 
stock  do  more  damage  to  a  given  range  than  others,  the  injury  is 
caused  not  so  much  by  the  kind  as  it  is  by  .the  number  of  stock  and 
the  methods  used  in  handling  it.  Just  because  the  stockman  has 
ff^nced  his  range  and  excluded  all  outside  stock  he  must  not  lose 
sight  of  the  fact  that  he  has  not  in  the  least  changed  the  carrying 
capacity  of  his  range. 

To  illustrate  this  point,  the  writer,  during  the  season  of  1904,  had 
an  opportunity  to  study  a  number  of  pastures  that  had  been  newly 
fenced.  One  of  these  pastures,  owned  by  a  stock  company,  was  pur- 
chased in  the  summer  of  1903  and  fenced  during  the  spring  of  1904. 
This  pasture  was  in  a  region  where  there  is  a  great  deal  of  scab  land, 
which  meant  that  the  carrying  capacity  was  naturally  very  low,  and 
in  a  locality  where  the  vegetation  had  previously  been  nearly  de- 
stroyed by  numerous  bands  of  sheep.  The  owners,  having  eliminated 
the  sheep  and  all  other  stock,  did  not  estimate  its  carrying  capacity, 
but  turned  all  of  their  cattle  into  the  pasture  without  further  atten- 
tion. In  the  autumn,  when  they  came  to  gather  in  their  stock,  they 
found  that  every  bit  of  feed,  including  all  the  browse  the  cattle  could 
get,  was  gone,  and  that  the  stock  were  in  very  poor  shape,  some  of 
them  being  in  a  half-starved  condition.  These  men  by  overgrazing 
their  pasture  lost  heavily,  as  they  will  have  to  feed  a  great  deal  of 
hay  to  bring  their  cattle  back  to  the  condition  they  were  in  when 
turned  into  the  pasture.  Not  only  did  they  lose  heavily  on  the 
cattle,  but  they  also  did  the  range  a  very  serious  injury,  for,  instead 
of  supporting  more  stock  another  year,  its  carrying  capacity  has  been 
greatly  lessened. 

Another  range  adjoining  the  one  just  mentioned  has  also  suffered 
heavily  from  overstocking.  In  this  case  the  owners,  at  the  time  they 
turned  their  cattle  in,  believed  that  their  range  would  actually  im- 
prove with  what  stock  they  had  on  it.  However,  they  miscalcu- 
lated, and  not  only  will  it  take  considerable  hay  to  bring  the  majority 
of  their  stock  back  to  good  condition,  but  it  will  also  be  some  time 
before  the  damage  done  to  their  range  can  be  made  good.  While 
these  two  pastures  were  the  only  ones  observed  that  were  so  over- 
grazed that  the  stock  were  really  poorer  when  taken  out  than  when 
put  in,  several  other  pastures  were  noticed  in  which  the  carrying 
capacity  will  be  lower  another  year  than  it  was  during  the  past 
season,  owing  to  the  fact  that  the  native  vegetation  has  been  too 
closely  grazed. 

The  first  step  that  the  stockman  should  take  after  his  pasture  is 
fenced  is  to  make  a  carefid  estimate  of  the  number  of  stock  it  will 
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carry,  being  very  sure  not  to  overestiinatc^  which  he  is  almost  certain 
to  do.  In  making  this  estimate  he  must  not  base  it  on  the  maxi- 
mum number  of  stock,  i.  e..  all  the  stock  that  the  pasture  will  carry 
and  bring  through  in  good  condition  without  reference  to  the  condi- 
tion in  which  the  pasture  is  left  at  the  end  of  the  season,  but  an  opti- 
mum number.  An  optimum  number  of  stock  is  that  number  which 
the  pasture  will  carry  and  bring  through  in  good  condition  at  the 
end  of  the  season,  and  still  1^  left  in  condition  to  carry  the  same 
stock  another  year,  and  so  on  indefinitely.  This  means  that  the  stock- 
man must  make  a  careful  study  of  his  range,  and  lx»  ready  to  revise 
his  estimates  whenever  he  sees  that  it  is  necessary  to  do  so.  By  far 
the  safest  plan  will  be  to  pasture  somewhat  under  the  optimum  num- 
ber, and  thus  be  prepared  for  a  mistake  in  the  estimate  or  for  an 
unusually  dry  year.  In  case  the  range  is  badly  deteriorated  when 
the  stockman  first  gets  control,  it  will  be  absolutely  necessary  that  it 
be  pastured  considerably  under  the  optimum  number  if  he  wishes  his 
range  to  improve.  While  this  may  perhaps  be  a  severe  strain  on  him 
for  the  first  year  or  two,  it  is  nevertheless  the  only  solution.  In  many 
instances  he  may  be  able  to  take  advantage  of  the  outside  range  while 
his  pastures  are  improving. 

Plate  III,  figures  1  and  2,  shows  very  plainly  the  difference  between 
maximum  and  optimum  grazing.  The  pasture  shown  in  figure  1  is 
very  badly  depleted  and  very  little  vegetation  remains  except  June 
grass  {Poa  sandhergii)  and  weeds.  This  pasture,  instead  of  being 
given  a  chance  to  revive,  has  been  grazed  to  its  highest  carrying 
capacity  each  year,  with  the  result  that  it  is  gradually  deteriorating. 
The  pasture  shown  in  figure  2  belongs  to  the  neighboring  range.  Its 
owner,  instead  of  trying  to  get  all  out  of  his  range  that  he  possibly 
can  from  year  to  year,  has,  by  using  an  optimum  number  of  stock, 
given  it  a  chance  to  improve.  At  the  present  time  the  carrying 
capacity  of  his  range  is  at  least  double  that  of  the  pasture  shown  in 
figure  1. 

Mr.  Joseph  Burtt  Davy,  in  his  report  on  the  stock  ranges  in  Cali- 
fornia, where  the  same  range  conditions  have  been  passed  through  as 
are  going  on  in  Washington,  €ays : 

Success  on  one  range,  as  compared  with  failure  on  an  niljoining  one,  is  not 
due  to  any  difference  in  location  or  other  range  conditions,  nor  to  any  difference 
in  the  grasses  or  other  plants  composing  the  pasture;  the  natural  conditions 
generally  are,  or  have  been,  identical  with  those  of  adjacent  and  less  productive 
ranges.  The  secret  lies  in  good  management,  and  good  management  primarily 
consists  in  carrying  the  optimum  number  of  stock  and  allowing  plenty  of  grass 
to  go  to  seed — to  go  to  waste,  as  the  majority  of  stockmen  would  call  it. 

Mr.  J.  II.  Clarke  and  Colonel  Harding,  both  successful  stock  ranchers  on  a 
large  scale,  are  agreed  in  declaring  that  over  thirty  years  of  experience  prores 
that  this  surplus  grass,  Instead  of  being  wasted,  is  equivalent  to  so  mucb 
capital  invested  in  the  range,  and  is  the  cause  of  the  prosperity  of  the  few  as 
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compared  with  the  failure  or  poverty  of  the  many.  Such  men  do  not  stock 
nearly  up  to  the  maximum.  Owning  their  own  ranges,  and  therefore  not  having 
to  pay  exorbitant  interest  on  the  capital  invested,  they  are  content  with  the 
profits  obtainable  from  the  optimum  number  of  stoclc.  As  a  result  of  this,  they 
not  only  maintain  a  uniform  carrying  capacity  without  deterioration,  but  gain 
in  other  ways.  Their  wool  is  alw^ays  cleaner  and  commands  a  half  cent  a  pound 
more  than  that  of  their  nelghliors,  and  both  their  mutton  sheep  and  their 
Iambs  command  a  higher  pri<»e.  "  We  aim,"  writes  Mr.  (Marke,  "  to  keep  no 
wore  stock  than  the  range  will  easily  supiK>rt.  Better  a  superabundance  of 
feed  than  a  scarcity."  « 

AliTEBKATION  OF  PASTUKBS. 

In  many  parts  of  the  State  of  Washington  the  ranges  would  be 
greatly  benefited  if  the  owner  instead  of  having  one  large  pasture 
would  subdivide  it  into  a  number  of  small  ones,  so  that  once  in 
three  or  four  years  each  pasture  would  have  a  chance  to  rest  and 
reseed  itself.  This  would  not  mean  that  the  owner  would  be  deprived 
of  the  feed  from  that  field,  but  simply  that  he  would  let  the  field  lie 
idle  for  a  couple  of  months  during  the  time  of  going  to  seed,  and  use 
the  dry  feed  later  in  the  season.  It  would  probably  be  necessary 
to  protect  this  field  from  heavy  grazing  long  enough  in  the  following 
spring  to  give  the  young  plants  a  chance  to  become  so  well  established 
that  the  stock  would  not  pull  them  up. 

This  method  has  been  tried  with  very  good  success  in  Texas,  and 
has  been  found  to  be  of  great  value  in  range  restoration.  Mr.  J.  G. 
Smith,  formerly  of  the  Office  of  Grass  and  Forage  Plant  Invastiga- 
tions  of  the  Department  of  Agriculture,  who  made  a  care fuF  investi- 
gation of  the  stock  ranges  of  that  State,  makes  the  following 
statement : 

A  rest  of  two  or  three  months  during  the  growing  season  in  early  spring 
would  enable  the  early  grasses  to  rli)en  and  shed  their  seeds,  thus  perfx^tuating 
the  early  species.  After  the  seed  had  fallen,  the  cattle  could  Ik*  turned  on  the 
grass  for  two  or  three  months  and  again  transferred  to  a  fresh  pasture.  In 
the  same  way  autumn  and  winter  pastures  can  be  secure<l.  Several  stoclcmen 
who  have  employed  this  method  on  a  large  scale  for  a  number  of  years  say  that 
Iheir  ranges  are  continually  improving,  in  marlced  contrast  to  tlie  deterioration 
that  had  occurred  through  bad  treatment  of  neighboring  proi)erties  where  the 
old  methoils  were  practiced.  It  is  also  claimed  that  pasture  land  thus  treated 
will  carry  more  head  ()f  cattle  through  the  year  and  bring  them  out  in  l)€tter 
condition  than  where  the  herd  has  actress  at  all  seasons  of  the  year  to  all  i)or- 
tions  of  the  range.  » 

Later  experiments  to  prove  this  point  were  carried  on  by  the  Office 
of  Grass  and  Forage  Plant  Investigations  at  Abilene,  Tex.,  and  the 
results  have  shown  conclusively  that  alternation  of  pastures  is  one 

a  Bui.  12,  Bureau  of  Plant  Industry,  I'.  S.  Dept.  of  Agriculture,  p.  43. 
ft  Bui.  IG,  Division  of  Agrostology,  U.  S.  I)ept  of  Agriculture,  p.  22. 
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of  the  important  steps  in  the  improvement  of  the  ranges  of  that 
State.« 

In  eastern  Washington  some  of  the  more  successful  stockmen  use 
this  method  to  the  extent  of  dividing  their  holdings  into  winter  and 
summer  pastures.  Undoubtedly  much  of  their  success,  as  compared 
with  the  failure  of  others,  can  be  very  largely  attributed  to  th^t  fact. 

USINO  PASTX7BES  BEFORE  OBOUND  IS  SETTI«ED  IN  THE  SPBING. 

One  of  the  most  serious  damages  to  the  range  is  caused  by  turning 
the  stock  upon  it  too  early  in  the  season.  A  great  deal  of  the  injury 
that  has  been  done  by  sheep  is  due  to  this  cause.  Their  owners,  in 
order  to  get  ahead  of  others,  have  pushed  the  sheep  out  on  to  the 
bunch-grass  land  while  the  ground  was  still  soft  and  "  punchy."  In 
this  manner  the  ground  became  badly  packed  and  many  young  plants 
were  destroyed  almost  before  thej^  had  begun  to  grow,  while  much  of 
the  prevailing  vegetation  was  greatly  retarded  in  its  growth  by  being 
nipped  too  early  in  the  season.  This  same  process  was  kept  up  as 
they  followed  the  retreating  snow  up  into  the  high  mountains.  Nu- 
merous instances  have  been  observed  where  sheep  have  been  run  over 
the  mountain  ranges  even  before  the  frost  was  out  of  the  ground. 

When  the  stockman  once  gets  his  range  under  his  control  he  should 
endeavor  to  avoid  too  early  grazing.  He  will  find  that  in  the  long 
run  it  will  be  better  to  hold  the  stock  from  this  area  until  the  ground 
has  become  settled  and  the  vegetation  has  had  a  good  start.  If  it  is 
impossible  to  do  this,  he  should  endeavor  to  confine  the  damage  to  as 
small  an  area  as  possible. 

IMFBOVEMENT  OF  STOCK. 

Not  only  should  the  stockman  do  all  he  can  to  improve  his  land, 
but  he  should  strive  equally  hard  to  impi'ove  the  quality  of  his  stock. 
In  the  early  daj's,  when  there  was  plenty  of  good  range,  it  made 
comparatively  little  difference  about  the  quality  of  stock,  as  even  a 
poor-grade  animal  would  yield  a  good  profit.  To-day,  with  the 
rapid  fencing  of  the  range,  these  conditions  are  changed.  Now 
grass  almost  everywhere  costs  money.  Land  must  for  the  greater 
part  be  owned  or  rented.  The  stockman  can  no  longer  afford  to 
keep  that  type  of  stock  that  does  not  give  him  the  best  returns  for 
the  effort  ex])ended  and  that  will  best  cover  his  range,  whether  it 
be  cattle,  sheep,  or  horses. 

«  Bui.  i;i,  Bureau  of  Plant  Industry,  U.  S.  Dept  of  Aprloulture,  pji.  19  and  2a 
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Hop  sage  (Grayia  spinosa),  14: 

Indian    millet    {Eriocoma   cuspidata), 

14,  15. 
Italian    rye-grass    {Lolium    italicum), 

19. 

Juncus  spp.  (Rushes),  17. 

June  grass  {Poa  sandhergii),  16,  22. 

Kentuclcy   bluegrass    (Poa  pratensis), 
18,  19. 

Lolium  italicum  (Italian  rye-grass.  19. 
perennc  (Perennial   rye-grass), 
19. 

Medicago  saliva  (Alfalfa),  16. 
Mountain  brome-grass    {Bromus   mar- 

ginatuH),  18,  19.  20. 
clover  {TrifoUum  longipcn), 

17,  19. 
netHile  grass  {Stipa  oividcn- 

talis),  20. 
sagebrush     {Artemisia     ar- 

huscula),  17. 
timothy  {Phleum  alpinum), 

17. 

Needle  grass  (Stipa  comata),  14,  15. 

Orchard   grass    (Dactylis   glomerata )j 
18,  19. 

Perennial  rye-grass  (Lolium  perenne), 
19. 

i  Phlox  15. 
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Phleum  alpinum  (Mountain  timothy), 
17. 
pratense    ( Timothy ) ,  18, 19.  20. 
Pine-graRS  {CalamagrosUs  suksdorfli), 

19. 
Poa  compressa  (Canadian  bluegrass), 
19. 
pratensis    (Kentuclsy    bluegrass). 

18,  19. 
sandbergii  (June  grass),  16,  22. 
Purahia  tridentata  (Bitter  brush),  14, 
15,  16. 

Rabbit  brush  (Chrysothamnus  nau8eo- 

SU8  and  C.  viscidiffx)rus) ,  16. 
Red  clover  {Trifolium  pratense) y  19. 
Redtop  {Aifro8ti8  alba),  18,  19,  20. 
Rushes  {J uncus  spp.),  17. 

Sagebrush   {Artemisia  tridentata) ,  13, 

15,  16. 
Sand-grass  {Htipa  comata) ,  14. 
Sa  rco  ha  tus      verrnicula  tus       ( G  rease- 

wood),  14. 
Scab-land    sagebrush     (Artemisia    ri- 

gida),  17. 
Sedges  (Carex  spp.),  17. 
Sheep's  fescue  {Festuca  ovina),  19. 
Stipa  comata   (Needle  grass  or  sand- 
grass),  14,  15. 


Siipa    occidentalis    (Mountain    needle 

grass),  20. 
Sunflower   (Balsamorrhiza  careyana), 
15. 

Tall  fescue  (Festuca  elntior),  18.  19. 
Timothy  (Phleum  pratense),  iai9,20. 
Trifolium  hybridum  ( Alsike  clover),  19. 

longipes  (Mountain  clover), 
17,  19. 

pratense  (Red  clover),  19. 

repens  (White  clover)  18,  la 

Vetches,  19. 

Vicia  americana  (Wild  i)ea),  20. 
villosa  (Hairy  vetch),  16. 

White  clover   (Trifolium  repens),  18, 
19. 
sage  (Eurotia  lanata),  14. 
Wild  pea  (Vicia  americana),  20. 

wheat  (Elymus  triticoides),  19. 
Woolly   wheat-grass    (Agropyron  sub- 
villosum),  15. 

Yellow      sagebrush      (Chrysothamnu* 
nauseosus  and  C7.  viscidiflorus) ,  1<1 
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DESCRIPTION  OF  PLATES. 

Plate  I.  Frontispiece.  Range  Improvement  by  i*eseediug.  Fig.  1. — Mountain 
meadow  where  timotby  was  seeded  in  the  autumn  of  1902.  The  prevailing 
vegetation  in  tlie  foreground  is  mountain  clover  (Trifolium  longipe^),  which 
malses  very  little  growth.  Fig.  2. — The  same  plot  illustrated  in  figure  1 
two  years  later,  showing  the  stand  of  timothy  secured. 

Plate  II.  Types  of  permanent  range  land  not  adapted  to  other  uses.  Fig.  1.— 
Typical  scab  land.  Bunch  wheat-grass  grew  abundantly  in  these  areas  be- 
fore overgrazing  took  place.  Fig.  2. — A  mountain  meadow.  A  typical  place 
for  seeding  timothy.  Tall  fescue  and  brome-grass  will  grow  to  advantage 
along  the  timber  edges. 

Plate  III.  Bunch  wheat-grass  pastures.  Fig.  1. — Bunch  wheat-grass  pasture 
that  has  been  continually  overgrazed  until  nothing  but  June  grass  {Poa 
sandberffii)  is  left.  Fig.  2. — A  bunch  wheat-grass  pasture  that  has  been 
properly  handled.  The  photographs  for  figures  1  and  2  were  taken  on 
adjoining  ranges. 
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Fig.  2.— Bunch  Wheat-ohass  Pasture  that  has  been  Properly  HA^ 
BUNCH    WHEAT-GRASS    PASTURES. 
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LETTER  OF  TRANSMITTAL 


U.  S.  Department  of  Agbicultxtre, 

Bureau  of  Plant  Industry, 

Office  of  the  Chief, 

Washington^  D.  C,  March  15^  1905, 

Sir:  I  have  the  honor  to  transmit  herewith  a  paper  entitled  ' '  Copper 

s  an  Algicide  and  Disinfectant  in  Water  Supplies,"  and  to  recommend 

hat  it  be  published  as  Bulletin  No.  76  of  the  series  of  this  Bureau. 

This  paper  was  prepared  by  George  T.   Moore,  in  charge  of  the 

jaboratory  of  Plant  Physiology,  and  Karl  F.  Kellerman,  Assistant  in 

Physiology,  in  the  Office  of  Vegetable  Pathological  and  Physiological 

investigations,  and  was  submitted  by  the  Pathologist  and  Physiologist 

irith  a  view  to  publication.     It  is  supplementary  to  Bulletin  No.  64, 

*A  Method  of  Destroying  or  Preventing  the  Growth  of  Algae  and 

[Certain  Pathogenic  Bacteria  in  Water  Supplies,"  and  will  be  of  interest 

ind  value  to  all  who  have  to  deal  with  the  problem  of  preventing  algal 

ind  bacterial  contamination  of  water  supplies. 

Respectfully, 

B=  T.  Galloway, 

Chief  of  Bureau, 
Hon.  James  Wilson, 

Secretary  of  Agriculture. 

3 


PREFACE. 


lovestigations  undertaken  by  this  Office  with  a  view  to  finding  some 
cheap  and  practical  method  of  preventing  or  removing  algal  and  bac- 
terial contaminations  from  water  supplies  have  demonsti-ated  the 
peculiar  value  of  copper  as  an  agent  for  this  purpose.  The  possibili- 
ties in  the  use  of  this  salt  are  briefly  outlined  in  a  previous  bulletin 
(No.  64)  entitled  ''A  Method  of  Destroying  or  Preventing  the  Growth 
of  Algae  and  Certain  Pathogenic  Bacteria  in  Water  Supplies." 

During  the  summer  of  1904  many  lakes  and  reservoirs  were  treated 
under  the  direct  supervision  of  representatives  of  the  Laboratory  of 
Plant  Physiology,  and  it  has  become  desirable  to  present  the  data 
gained  in  the  season's  experience,  together  with  definite  recommenda- 
tions in  regard  to  the  methods  of  procedure,  so  that  those  having  to 
deal  with  the  question  of  contaminated  water  may  do  so  to  the  best 
advantage. 

With  reference  to  the  occasional  objection  offered  to  the  use  of  cop- 
per as  an  algicide  and  disinfectant,  it  ought  to  be  amply  sufficient  to 
state  that  a  careful  study  of  all  the  leading  authorities  on  the  subject 
fidls  to  reveal  any  argument  or  evidence  which  can  be  adduced  in 
opposition  to  the  use  of  copper  for  this  purpose.  Authorities  every- 
where unite  in  defending  the  use  of  copper  as  a  means  of  destroying 
polluting  organisms  in  water,  and  agree  that  it  can  be  used  with  impu- 
nity as  advised  by  the  authors. 

Albert  F.  Woods, 
Pathologist  and  Physiologist, 

Office  of  Vegetable  Pathological 

AND  Physiological  Investigations, 

Wa^hington^  D,  (7.,  March  H^  1905. 
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COPPER  AS  AN  ALGICIDE  AND  DISINFECTANT  IN 

WATER  SUPPLIES. 


INTBODUCTION. 

At  the  time  of  publication  of  the  results  of  the  experimental  use  of 
copper  sulphate  as  an  algicide  and  disinfectant  in  polluted  water,*  defi- 
nite recommendations  concerning  the  proposed  method  of  treatment 
-were  avoided.  This  was  done  both  to  check  those  who  through  igno- 
rance or  excess  of  zeal  might  be  led  to  unnecessary  or  extravagant 
applications  of  the  treatment  and  to  gain  the  additional  information 
of  a  season's  experience  by  maintaining  supervision  over  treated  sup- 
plies. The  work  can  no  longer  be  considered  in  an  experimental 
stage,  however,  and  the  present  need  is 'not  an  exposition  or  explana- 
tion of  the  method  but  a  discussion  of  actual  experience,  which,  by 
setting  forth  the  conditions  presented,  the  difficulties  encountered,  and 
the  success  attained,  may  serve  as  a  guide  to  the  water  engineer  and 
to  those  who  find  it  necessary  to  use  copper  in  dealing  with  contami- 
nated supplies.  An  attempt  is  therefore  made  to  arrange  and  cor- 
relate the  results  of  laboratory  work  and  practical  applications  of  the 
method,  with  a  view  to  facilitating  the  comprehension  of  the  various 
ideas  involved  in  the  abundant  results  that  the  work  has  yielded. 
Moreover,  it  is  apparent  that  the  prejudice  against  using  copper  in 
drinking  water  is  still  great  in  many  quarters,  and  some  pains  have 
been  taken  to  ascertain  whether  there  exist  sufficient  grounds  for  this 
hostility. 

DITFEBEKOE  IN  TOXICITY  OF  COFF£R  SULFHATE  IN  LABOKA- 

TOBT  AND  FIELD  CONDITIONS. 

The  treating  of  various  reservoirs  has  brought  to  light  an  interest- 
ing fact. 

The  concentration  necessary  to  kill  algas  in  the  laboratory  is  from 
five  to  twenty  times  as  great  as  that  necessary  to  destroy  the  same 
species  in  its  natural  habitat.  The  reason  for  this  is  difficult  to  dem- 
onstrate. It  is  not  due  to  dijfference  of  light  and  temperature,  nor 
to  the  greater  proportion  of  the  treated  water  to  the  mass  of  algaB  so 
often  found  in  reservoirs.     The  most  probable  explanation  is  that 

a  Bulletin  64,  Bureau  of  Plant  Industry. 
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OOPPEB   IN   WATER   SUPPLIES. 


under  normal  conditions  the  rapid  growth  of  the  organism  is  favored, 
with  a  consequent  maintenance  of  the  highest  degree  of  sensitiveness 
to  adverse  conditions.  When  algse  are  brought  into  the  laboratory, 
the  change  in  environment  and  the  injury  from  handling  allows  only 
the  more  resistant  individuals  to  persist,  and  the  forms  developing 
from  these  are,  therefore,  harder  to  destroy  than  are  those  of  the  same 
species  growing  in  nature. 

In  view  of  this  fact  the  quantities  of  copper  sulphate  which  are 
required  to  destroy  the  different  polluting  forms  are  much  less  than 
those  formerly  considered  necessary.  Many  of  the  concentrations  in 
the  following  revised  table  have  been  obtained  by  actual  use  in  reser- 
voirs under  natural  conditions.  The  remainder  have  been  determined 
by  analogy,  and  only  on  theoretical  grounds  can  they  be  presumed  to 
be  correct. 

It  will  be  seen  that  there  is  absolutely  no  possibility  of  correlating 
the  effects  of  copper  upon  related  forms  with  the  idea  of  formulating 
a  rule  for  general  use.  Even  species  of  the  same  genus  often  show  a 
greater  variation  in  their  susceptibility  to  copper  than  is  found  in  widely 
separated  genera,  and  the  necessity  of  knowing  the  specific  form  caus- 
ing the  difficulty  becomes  more  and  more  evident  as  experience  with 
the  effect  of  copper  upon  algee  is  accumulated. 

Number  of  parts  of  water  to  one  part  of  copper  stUphale  in  dUtUiong  recommended  far 

destroying  different  forms  ofalgse. 

[Water  of  average  hardness,  and  at  a  temperature  of  about  15P  C.  (59^  F).]a 


Aphanizomenon 5, 000, 000 

Anabaena  circinalis 10, 000, 000 

Anabaena  flos-aquae 10, 000, 000 

Afiterionel  la 8, 000, 000 

Beggiatoa 100, 000 

Cladophora 1,000,000 

Chlamydomonas 1, 000, 000 

Clathrocystis 8, 000, 000 

Cloflterium 6, 000, 000 

Coeloephaerium 3, 000, 000 

Conferva  bombycinum 3, 000, 000 

Orenothrix 1 ,  000, 000 

Desmidium 450, 000 

Draparaaldia 3, 000, 000 

Eudorina 100,000 

Euglena 1,500,000 

Fragilaria 4,000,000 

Glenodinium 2, 000, 000 

Hydrodictyon 10,000,000 

Mallomonaa 500,000 


Microcystis 1,000,000 

Navicula 15,000,000 

Nitella 10,000,000 

Oscillatoria 5,000,000 

Palmella 500,000 

Pandorina 100, 000 

Peridinium 450,000 

Raphidium 300,000 

Scenedesmus 1, 000, 000 

Spirogyra 25,000,000 

Stigeoclonium 3,000,000 

Stephanodiscus 250, 000 

Synedra 600,000 

Synura 3,000,000 

Tabellaria 600, 000 

Ulothrix 5,  OOO,  OOO 

Uroglena 20,000,000 

Volvox 4,000,000 

Zygnema 2,000,000 


Cladophora 5, 000, 000 

Enteromorpha 10, 000, 000 


SALT  WATBR   FORMS. 

Ulva  ... 


5,000,000 


»  See  page  12, 


EFFEC5T   OF   COPPER   SULPHATE   UPON   FISH.  11 

EFFECT  OF  COFFEE  SULFHATE  TJTOJSf  FISH. 

The  effect  of  copper  sulphate  upon  different  species  of  fish  demands 
more  attention  than  was  formerly  supposed.  The  treating  of  a  small 
trout  pond  in  Massachusetts  resulted  disastrously  to  about  40  per  cent 
of  the  8- inch  trout  with  which  the  pond  was  stocked,  and  emphasized 
the  fact  that  all  game  fish  are  not  equally  resistant  to  the  effect  of 
copper.  A  series  of  investigations^  has  shown  that  the  brook  trout 
is  more  sensitive  than  any  other  fish  yet  tested.  In  some  cases  1  part 
of  copper  sulphate  to  7,000,000  parts  of  water  is  the  maximum  strength 
that  can  be  endured  by  trout  under  5  inches  in  length.  Larger  ones, 
as  a  rule,  will  endure  but  a  slightly  stronger  solution,  though  the  treat- 
ment of  one  reservoir  was  reported  in  which  a  solution  of  1  to  1,000,000 
was  used  without  injury  to  trout  or  other  fishes.  Here,  however,  the 
immunity  was  probably  due  to  the  rapid  precipitation  of  the  copper 
by  organic  matter  or  alkalis^  and  not  to  the  resistant  condition  of  the 
fish.  Reference  to  the  reports  of  reservoirs  treated,  notabU'^  those  of 
Butte,  Mont.,*^  Cambridge,  N.  J.,^  and  Hanover,  N.  H.,' shows  that 
fish  are  uninjured  at  concentrations  ordinarily  used  and  their  presence 
is  no  obstacle  to  successful  treatment. 

Below  are  given  the  maximum  amounts  of  copper  sulphate  which, 
judging  from  a  very  limited  number  of  experiments,  should  be  used 
in  water  containing  fish  of  certain  species.  It  is  hoped  that  work 
planned  in  connection  with  the  Bureau  of  Fisheries  will  make  possible 
a  fuller  report  upon  this  phase  qf  the  subject. 

Number  of  parts  of  tucUer  to  one  part  of  copper  sulphate  in  dilutions  which  mill  not  injure 

fish  of  certain  species. 

Trout 7,000,000     Catfish 2,500,000 


Goldfish 2,000,000 

Sunfish 750,000 

Perch 1,500,000 


Suckers 3, 000, 000 

Black  bass 500,000 

Carp 3,000,000 


Experiments  of  the  United  States  Commission  of  Fish  and  Fish- 
eries^ show  that  1  part  of  copper  sulphate  to  582,000  parts  of  water 
will  kill  quinnat  salmon  in  a  few  hours;  this  suggests  that  this  fish  is 

« At  Coldspring  Harbor,  N.  Y.,  through  the  courtesy  of  the  Bureau  of  Fisheries  and 
the  New  York  Forest,  Fish,  and  Game  Commission. 

^In  water  containing  carbonates,  if  the  amount  of  dissolved  carbon  dioxid  is  very 
low,  the  basic  carbonate  of  copper  formed  may  be  considered  insoluble;  if,  however, 
the  water  should  contain  a  fair  amount  of  carbon  dioxid  it  would  bring  the  copper 
carbonate  at  least  partially  into  solution.  In  general,  it  will  be  safe  to  treat  a  lake 
with  a  concentration  beyond  that  which  the  fish  in  it  could  endure  in  pure  water, 
and  the  concentration  may  increase  with  the  quantity  of  organic  matter  present. 

<^Page  15. 

tfPage  17. 

«Page20. 

/Report  of  the  Commission  of  Fish  and  Fisheries,  Part  XXVII,  p.  118,  1901. 
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very  sensitive,  probably  being  killed  at  concentrations  between  thoee 
fatal  for  trout  and  those  fatal  for  carp. 

CONDITIONS  DETEBMININO  THE  FBOPEB  aUANTITY  OF  COFFER 

STTLFHATE  FOB  ERADICATING  ALOJE. 

The  importance  of  knowing  the  temperature  of  the  contaminated 
water  is  second  only  to  the  necessity  of  knowing  the  organism  present 
With  increase  in  temperature  the  toxicity  of  a  given  dilution  increases, 
and  vice  versa.  Assuming  that  15^  C.  (59^  F.)  is  the  average  temper- 
ature of  reservoirs  during  the  seasons  when  treatment  is  demanded,,  the 
quantity  of  copper  should  be  increased  or  decreased  approximately 
2.6  per  cent  for  each  degree  below  or  above  15°  C.  It  is  probable  that 
the  influence  of  temperature  could  be  better  expre.ssed  by  geometrical 
than  by  arithmetical  progression,  but  the  accurate  determination  of 
this  point  can  be  made  only  after  experiments  have  been  recorded  in 
various  localities  under  dijfferent  conditions  for  a  number  of  years. 

Similar  scales  should  be  arranged  for  the  organic  content  and  the 
temporary  hardness  of  the  water.  With  the  limited  data  at  hand  it  is 
impracticable  to  determine  these  figures,  but  an  increase  of  2  per  cent 
in  the  quantity  of  copper  for  each  part  per  100,000  of  organic  matter 
and  an  increase  of  0.5  to  6  per  cent  in  the  proportion  of  copper  for 
each  part  per  100,000  of  temporary  hardness  will  possibly  be  found 
correct.  The  proper  variation  in  the  increase  due  to  hardness  will 
depend  upon  the  amount  of  dissolved  carbon  dioxid;  if  very  small,-  5 
per  cent  increase  is  desirable;  if  large,  0.5  per  cent  is  sufficient. 

AFFEARANCE  OF  RESISTANT  FORMS  OF  ALOJE  IN  RESERVOIRS 

FREVIOUSLT  TREATED. 

Since  adding  copper  to  a  reservoir  destroys  only  the  polluting 
organisms  then  present  in  the  water,  it  is  possible  that  other  forms, 
the  resting  spores  of  which  are  buried  in  the  mud,  may  develop  after 
treatment  and  occasion  a  second  pollution.  There  is  thus  the  proba- 
bility that  some  reservoirs  will  be  cleansed  of  Anabaena  or  Oscilla- 
toria  or  some  such  polluting  species  only  to  allow  a  subsequent  devel- 
opment of  forms  more  or  less  resistant  to  copper,  such  as  some  of 
the  desmids.  It  is  improbable  that  these  organisms,  or  any  of  the 
algse,  in  fact,  could  develop  rapidly  enough  to  be  the  cause  of  serious 
complaint  and  still  remain  resistant  to  such  concentrations  of  copper 
as  could  be  safely  used.  At  the  worst  the  presence  of  these  forms 
is  certainly  to  be  preferred  to  that  of  organisms  producing  odor  and 
taste,  and  fortunately  experience  has  shown  that  the  latter  succumb 
so  readily  to  the  copper  treatment  that  their  destruction  has  offered 
no  great  difficulty. 
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OIK>B  AND  TASTE  BUE  TO  LABGE  NUMBEBS  OF  ALQM  KILLED. 

A  certain  proportion  of  the  algae  killed  by  copper  treatment  floats 
to  the  sarface  and  disintegrates  there,  but  the  greater  part  apparently 
sinks  to  the  bottom,  and  it  may  sometimes  be  necessary  to  flush  out 
this  lower  stratum  of  water  and  decaying  organic  matter.  In  case 
large  masses  accumulate  upon  the  surface,  as  may  occur  in  a  reservoir 
very  badly  infested  with  Anabaena,  it  is  desirable  to  skim  off  as  much 
of  this  mass  as  possible.  By  this  means  the  water  can  be  rendered 
fit  for  use  in  the  minimum  length  of  time,  although  such  procedure 
would  be  required  only  in  a  reservoir  in  which  the  polluting  algse  had 
developed  until  the  water  was  in  very  bad  condition,  and  this  should 
never  be  allowed  to  happen.  The  algologist  of  a  water  company 
should  watch  for  the  appearance  of  polluting  forms,  and  advise  treat- 
ment as  soon  as  signs  of  increase  are  unmistakable. 

The  only  undesirable  effect  of  treating  a  water  supply  which  is  con- 
taminated with  an  alga  producing  odor  and  taste  is  that  during  the 
first  few  days  after  treatment  the  odor  and  taste  may  increase.  In  a 
municipal  supply  in  which  the  service  mains  are  fed  from  the  bottom  of 
the  reservoir  this  increase  may  be  very  marked  and  occasion  additional 
complaint  among  the  consumers.  The  trouble  is,  of  course,  caused 
by  the  simultaneous  disintegration  of  large  numbers  of  algse  and  the 
consequent  liberation  of  comparatively  large  quantities  of  the  volatile 
oils  to  which  the  odor  and  taste  are  due. 

SEPORTS  FBOM  VABIOUS  CITIES  AND  TOWNS  X7F0N  THE  EFFECT 

OF  TREATMENT. 

The  copper  method  has  been  used  throughout  the  year  during  dif- 
ferent seasons  and  under  varying  conditions,  and  the  work  has  fully 
demonstrated  the  value  of  this  metal  for  destroying  the  contaminating 
algae  in  reservoirs  of  drinking  water,  as  well  as  in  park  lakes,  fish 
ponds,  and  similar  small  bodies  of  water  which  must  be  kept  in  good 
condition.  The  first  reservoir  so  treated  was  that  of  the  Winchester 
Water  Company,  at  Winchester,  Ky.  The  organism  polluting  the 
water  was  Anabaeim  cirdnaliH^  and  its  destruction,  as  described  in  a 
previous  publication,"  seems  to  have  been  most  thorough.  But  one 
treatment  was  made  last  year,  and  no  complaint  of  the  quality  of  the 
water  has  arisen  since  the  summer  of  1903.  Experience  only  can 
determine  how  often  a  reservoir  will  need  treatment,  but  the  results 
at  Winchester  and  with  other  large  bodies  of  water  in  which  none  of 
the  blue-green  algae,  formerly  so  abundant,  have  appeared  since  the 
original  treatment  over  a  year  ago,  and  this  in  spite  of  a  season 
unusually  favorable  for  their  development,  suggest  that  applications 
made  at  long  intervals  will  suffice  to  prevent  a  recurrence  of  the 
contamination. 


« Bulletin  No.  64,  Bureau  of  Plant  Industry,  p.  27. 
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In  Massachusetts  some  abandoned  reservoirs  and  ponds  unfit  for 
supplying  water  for  drinking  purposes  have  been  treated,  but  as  this 
work  was  done  in  cooperation  with  the  State  board  of  health,  whi<^ 
has  decided  that  further  experiments  are  necessary  to  determine  the 
final  condition  of  the  copper  used  in  treating  before  advising  the  gen- 
eral use  of  this  method,  it  seems  best  to  defer  publication  of  whatever 
results  have  been  obtained  until  the  board  of  health  is  in  a  position  to 
make  a  definite  statement. 

Probably  the  most  convenient  form  in  which  to  group  the  year's 
results  is  an  alphabetical  list  of  some  of  the  cities  and  towns  in  which 
such  work  has  been  done,  and  a  r^sum^  of  the  cases  when  nece^ary. 
It  is  impossible  for  various  reasons  to  include  in  this  list  of  all  of 
the  places  where  copper  sulphate  has  been  successfully  used  for  the 
destruction  of  algSB. 

BALTIMORE,  MD. 

Late  in  June  Mr.  Alfred  M.  Quick,  engineer  of  the  water  depart- 
ment of  Baltimore,  reported  some  trouble  due  to  algje.  The  following 
extract  from  his  letter  shows  the  character  of  the  pollution: 

For  some  time  past  this  department  has  been  in  receipt  of  a  great  many  complainte 
from  consumers  of  the  bad  condition  of  the  water.  Ice  makers  were  most  inter^ted, 
as  it  is  necessary  that  water  used  in  making  ice  should  be  perfectly  clear.  They 
complained  that  the  bad  condition  generally  occurred  after  long  spells  of  raiDT 
weather,  and  generally  at  the  change  of  season — from  spring  to  summer;  also  that  it 
seemed  to  be  practically  impossible  to  eliminate  discoloration.     (June  25, 1904.) 

Lakes  Clifton  and  Montebello  were  visited  on  June  28  and  were 
found  to  be  badly  infested  with  Anahatma  clrcinalis,'  the  organisms 
were  unusually  perfect  spirals,  and,  estimated  roughly,  would  count 
about  10,000  to  50,000  per  cubic  centimeter.  On  account  of  the  pres- 
sure of  municipal  aflfairs  treatment  was  not  made  until  July  29,  after 
which  Mr.  Quick  wrote  as  follows: 

1  have  completed  the  experiment  of  treating  the  water  in  Lake  Clifton  with  copper 
sulphate  to  eliminate  the  algse,  and  I  am  glad  to  say  that  the  result  has  been  an 
unqualified  success. 

Before  the  lake  was  treated  it  had  a  cloudy,  greenish  color.  Immediately  after 
treatment  it  had  a  steely,  bluish  color,  and  when  the  lake  was  turned  into  service 
again,  one  hundred  and  twenty  hours  after  the  application  of  the  sulphate,  it  had  a 
clear  white  color. 

Notwithstanding  the  small  amount  of  sulphate  used  in  proportion  to  the  volume 
of  water  treated,  all  of  the  particular  algae  which  cause  discoloration  and  odor,  which 
I  believe  are  the  cyanophyceie,  were  eliminated  in  forty-eight  hours,  and  practically 
all  of  the  various  other  kinds  of  algfe  were  eliminated  in  one  hundred  and  twenty 
hours. 

As  for  any  deleterious  effect  from  the  use  of  the  sulphate,  the  city  chemist  reported 
to  me  that  an  analysis  of  500  c.c.  of  the  water  one  hundred  and  twenty  hoars  after 
treatment  showed  no  traces  of  copper.     (August  9,  1904. ) 

Later  Lake  Montebello  was  treated,  and  reports  of  the  results  in 
both  reservoira  were  sent  to  this  laboratory,  together  with  a  tabu- 
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kted  count ^  of  the  organisms  before  and  after  treatment.  These 
beets  showed  only  a  moderate  redaction  of  algse  and  a  total  nam- 
er  of  organisms  per  cubic  centimeter  before  treatment  so  small  that 
;  could  never  have  been  responsible  for  the  complaints  of  the  con- 
amers,  nor  could  these  few  organisms  have  produced  the  changes 
a  color  noted  in  Mr.  Quick's  letter.  No  Anabaena  filaments  were 
isted,  though  it  is  known  that  they  were  present  in  great  abundance 
month  or  so  earlier  when  the  examination  was  made  by  the  Labora- 
ory  of  Plant  Physiology,  and  there  is  nothing  in  the  conditions 
obtaining  in  the  reservoirs  before  treatment  that  would  explain  their 
ibsence.  It  seems  probable,  therefore,  that  the  samples  examined  by 
he  city  bacteriologist  had  been  agitated  sufficiently  to  break  up  the 
lelicate  Anabaena,  or  that  on  account  of  standing  too  long  before 
examination  this  alga  had  disintegrated.  The  discrepancies  between 
:he  tabular  repoi-ts  and  the  correspondence  with  this  laboratory  as  they 
ippear  in  the  account  of  this  work  are  undoubtedly  due  to  this  fact. 
rhe  same  explanation  seems  the  most  plausible  one  to  apply,  to  the  fol- 
following  letter  from  Mr.  Quick,  dated  September  10,  1904,  as  the 
number  and  character  of  organisms  mentioned  by  him  were  too  small 
to  produce  any  deleterious  eflfect. 

I  am  hardly  in  a  position  to  state  just  what  form  of  microscopical  vegetable  organ- 
iBm  gives  us  the  most  trouble,  but  I  have  no  doubt  that  the  table  will  enable  you  to 
form  some  idea  as  to  this.  These  organisms  are  not  now  giving  us  any  trouble,  but 
from  the  result  of  examinations  made  of  samples  of  water  taken  a  few  days  ago  from 
Clifton  and  Montebello  (which  show  the  organisms  now  present  to  be  about  the  same 
number  or  more  than  before  treatment),  it  is  likely  that  we  shall  have  the  same  cause 
for  complaint  again  in  the  near  future. 

BOND  HILL,  CINCINNATI,  OHIO. 

The  following  letter  regarding  the  use  of  copper  in  a  pond  contain- 
ing fish  speaks  for  itself.     The  algse,  however,  disappeared. 

After  weighing  out  a  half  ounce  of  copper  sulphate,  the  quantity  looked  so  small  I 
added  a  little  to  it  and  dragged  it  through  the  water  on  a  pole.  Sunday  morning 
(July  24)  is  when  I  treated  it.  Yesterday  the  water  looked  very  bad,  and  the  fish 
that  have  disappeared  from  sight  all  the  summer  were  swimming  on  top  and  seemed 
in  distress.     (July  26,  1904. ) 

BUTTE,  MONT. 

The  following  extracts  frora  letters  and  the  report  of  Mr.  Eugene 
Carroll,  superintendent  of  the  Butte  Water  Company,  give  details  of 
the  treatment  made  during  the  summer  of  1904. 

This  company  has  a  large  reservoir  containing  about  180,000,000  gallons,  that  was 
completed  in  1896.  Notwithstanding  the  fact  that  we  were  particularly  careful  in 
cleaning  the  bottom  and  removing  the  soil,  we  have  had  continual  trouble  every  year 
from  the  Anabaena. 


a  Published  in  the  Engineering  News,  52  :  283. 
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The  pest  begins  to  show  about  the  middle  of  June,  and  about  the  Ist  of  July  tibe 
water  is  unfit  for  use  on  account  of  the  odor  and  taste.  It  remains  in  a  oondition 
unfit  for  domestic  use  until  about  December,  when  the  freezing  weather  pniifiefi  the 
water  and  we  are  able  to  use  it  during  the  winter.     (June  3,  1904. ) 

It  has  been  our  custom  for  the  past  three  years  to  cut  this  reservoir  out  entirely 
from  our  water  supply  from  the  time  of  the  appearance  of  the  taste  and  sm^l  until 
the  water  purifies  in  the  winter,  so  we  can  cut  it  out  for  any  length  of  time  neoeaBuy 
for  the  experiment. 

Our  reservoir  is  full  of  native  trout,  and  while  I  do  not  care  particularly  about  the 
fish,  yet  a  solution  strong  enough  to  kill  the  fish  might  give  us  more  trouble  with  the 
dead  fish  than  we  would  have  with  the  Auabaena. 

As  to  the  expense,  that  is  a  very  small  item  to  us,  as  we  have  spent  nearly  a  DuUion 
dollars  in  bringing  in  another  water  supply,  laigely  on  account  of  the  spoilii]^  of  the 
water  in  our  main  reservoir.     (June  14,  1904. ) 

{Report  after  treatment.)  The  Basin  Creek  Reservoir  has  two  forks,  one  extending 
about  three-fourths  of  a  mile  in  a  southerly  direction  and  the  other  about  one-half 
mile  in  a  southwesterly  direction.  Distribution  of  the  copper  sulphate  was  started  at 
2  p.  m.  on  July  7,  using  three  boats.  One  boat  distributed  in  the  southern  fork, 
another  in  the  southwestern  fork,  and  the  third  boat  in  the  main  body  of  the  reser- 
voir in  front  of  the  dam.  The  quantity  used  was  1  pound  of  copper  sulphate  to  each 
million  gallons  of  water,  thus  requiring  180  pounds  of  sulphate.  One  boat  distrib- 
uted 40  pounds  in  one  hour  in  the  short  arm ;  the  second  boat  distributed  60  pounds 
in  one  hour  and  ten  minutes  in  the  main  body  of  the  reservoir  around  the  dam,  and 
the  third  boat  distributed  80  pounds  in  the  long  arm  of  the  reservoir  in  one  hour  and 
fifty  minutes.  In  each  boat  two  men  were  used,  one  to  row  and  one  to  hold  the 
gunny  sack  containing  the  sulphate  over  the  stern  of  the  boat. 

There  was  a  heavy  wind  blowing  downstream,  which  made  it  extremely  difficult 
to  row,  but  the  boats  were  kept  in  continual  motion  from  the  time  the  copper 
sulphate  was  dropped  into  the  water  until  it  had  entirely  dissolved. 

During  the  first  ten  minutes  of  the  distribution  of  the  sulphate  nothing  peculiar 
could  be  noticed  in  the  water,  but  after  fifteen  minutes  fine  light-green  threads  b^an 
to  float  in  it,  growing  steadily  in  number  and  extension  until  in  about  thirty-five 
minutes  after  starting  there  had  formed  a  yellowish-green  scum  over  the  entire  sur- 
face of  the  reservoir.  The  phenomenon  was  similar  to  the  formation  of  a  very 
flocculent  precipitate. 

In  about  two  hours  the  scum  assumed  a  dark-green  color,  the  borders  turning 
slightly  brown.  At  that  time  a  sample  of  the  water  was  taken  and  carefully  exam- 
ined and  small  traces  of  copper  were  shown  by  the  experiment  Samples  of  the 
scum  were  also  examined  and  found  to  contain  IH  per  cent  of  metallic  copper,  show- 
ing that  a  large  amount  of  the  copper  was  taken  up  by  the  Anabaena  and  other 
organisms,  and  thereby  removed  from  the  water. 

During  the  first  twenty-four  hours  the  water  in  the  reservoir  exhaled  a  more  pro- 
nounced and  disagreeable  grassy  odor  than  before  treatment  Its  color  at  the  end 
of  the  first  twenty-four  hours  was  a  decidedly  dirty  green,  with  comparatively  very 
little  scum  floating  on  the  surface,  and  upon  testing  1,000  c.  c.  of  the  water  for  copper 
at  this  time,  a  very  faint  reaction  was  obtained.  The  sulphates  in  the  water  were 
slightly  higher  and  the  odor  was  considerably  less. 

At  the  end  of  the  second  and  third  days  very  slight  changes  were  noticed  in  the 
color  and  taste  of  the  top  water,  but  it  was  greatly  improved  in  taste,  color,  and  smell 
below  20  feet  in  depth. 

At  the  end  of  the  fourth  day  a  continued  improvement  was  noticed  in  the  taste, 
color,  and  odor,  and  at  the  end  of  the  fifth  day  there  was  a  very  decided  change  for 
the  better  in  color — the  water  assuming  a  natural  color  and  only  a  slight  odor  and 
taste  being  noticeable  on  the  surface.  At  20  feet  below  the  surface  at  the  end  of  the 
fifth  day,  the  water  was  tasteless  and  odorless,  and  of  a  bright  natural  color.     Very 
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«H^ht  changes  for  the  better  were  noticed  on  the  seventh,  eighth,  and  ninth  day??, 
ind  on  the  tenth  day  the  water  apparently  had  assume<l  its  normal  condition. 

Microscopical  examinations  of  the  water,  however,  during  this  period,  as  shown  in 
the  appended  tables,  revealed  the  fact  that  there  were  a  few  spores  of  the  Anabaena 
left  in  the  water  and  that  the  Asterionella  had  begun  to  increase  again. 

Owing  to  these  conditions,  it  was  deemed  advisable  to  give  the  reservoir  a  second 
treatment  with  the  copper  sulphate,  and  on  the  moniing  of  July  19,  twelve  days  after 
the  first  treatment,  a  second  treatment  was  given  in  exactly  the  same  manner  and 
«ir  ith  the  same  quantity  as  the  first  treatment. 

After  the  second  treatment,  very  little  change  was  noticed  in  the  water  on  the 
surface  of  the  reservoir,  and  hardly  any  sc^um  formed.  Twenty-four  hours  after  the 
second  treatment,  the  water  showed  a  very  decided  improvement  in  color,  with 
absolutely  no  taste  or  odor.  On  the  third  day  after  the  second  treatment,  as  shown 
by  the  analyses  in  the  tables,  the  water  was  in  an  absolutely  normal  condition  and 
entirely  free  of  the  vegetable  organisms  which  had  given  us  so  much  trouble  in  the 
past 

During  the  process  of  these  treatments,  the  reservoir  was  entirely  cut  out  from 
the  city  supply  and  no  flow  through  it  was  permitted,  the  overflow  being  closed 
and  the  water  allowed  to  rise  slowly.  With  the  exception  of  occasionally  opening 
the  overflow  to  remove  the  scum  which  had  blown  down  against  the  dam  and  an 
occasional  opening  of  the  blow-off  pipe,  there  waa  no  current  running  through  the 
reserN'oir  during  the  period. 

On  Sunday,  July  24,  the  water  in  the  reservoir  being  absolutely  pure  for  the  first 
time  in  ten  years  during  the  month  of  July,  it  was  turned  on  to  the  city  mains. 

The  cost  of  the  treatment  of  the  reservoir,  exclusive  of  the  superintendent  and 
bacteriologist,  who  directed  the  operations,  was  as  follows: 

360  pounds  copper  sulphate,  at  9J  cents  per  pound |34. 20 

6  lat)orers,  four  hours  each,  at  30  cents  per  hour 7.  30 

Total  cost 41.50 

Equivalent  to  23  cents  per  million  gallons. 

This  expense  would  be  cut  down  were  another  treatment  made,  as  only  one  man 
to  a  boat  is  really  necessary. 

Late  in  the  summer  Asterionella  again  began  to  appear  in  consider- 
able numbers.  The  increase,  however,  has  not  been  sufficient  to 
demand  further  treatment  this  vear. 

I  will  continue  to  keep  a  close  record  of  the  condition  of  the  water  in  this  reser- 
voir, and  think  very  likely  it  will  \)e  advisable  to  give  it  a  treatment  early  next 
aummer. 

There  is  no  taste  or  odor  whatever  to  the  water,  and  we  have  had  no  trouble  with 
that  supply  since  the  treatment.     (December  1,  1904.) 

CA^fBRIDOE,    N.  Y. 

It  was  impossible  to  obtain  a  sample  of  the  organisms  causing  the 

trouble  at  Cambridge,  N.  Y.,  but  from  the  description  it  seems  most 

probable  that  it  was  Anabaena.     The  following  letter  from  Mr.  C.  T. 

Ilawley,  secretary  and  treasurer  of  the  Cambridge  Water  Company, 

sufficiently  explains  the  situation: 

The  village  of  Cambridge  is  supplied  with  water  from  two  reservoirs,  which  were 
built  in  1886.     One,  the  ** Lower"  reservoir,  is  supplied  from  springs,  and  the  other, 
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or  '*  Upper"  reservoir,  is  supplied  from  a  small  stream  and  by  water  pmnped  froa 
the  "Lower"  reservoir.  In  the  "Lower"  reservoir  there  has  always  beenacv^n- 
siderable  growth  of  algse,  but  there  has  never  been  any  taste  or  odor  imparted  to 
the  water  until  last  fall.  Prior  to  that  the  alga;  has  appeared  to  "ripen,"  fl<«t  ta 
the  surface,  and  blow  ashore,  where  it  would  be  raked  up  and  removed.  Last  yew- 
it  sank  to  the  bottom,  and  soon  after  the  "fishy"  odor  became  very  offensive.  The 
reservoir  was  then  emptied,  cleaned  thoroughly,  and  refilled.  In  a  ahoK  tizne, 
however,  the  taste  and  odor  again  became  noticeable,  and  there  was  more  or  less 
trouble  until  June  9  last,  when,  having  procured  one  of  the  bulletins  issued  by  the 
Department  of  Agriculture,  we  used  the  copper  sulphate.  The  effect  was  evident  in 
twenty  minutes  to  a  half  an  hour  in  a  decided  change  in  color  and  appearance  of  the 
algae  growth.  In  twenty-four  hours  the  taste  and  odor  had  disappeared  and  the 
algiB  looked  dead,  having  lost  its  green  color.  In  a  few  days  the  algse  had  entirely 
disappeared,  and  there  has  been  no  trouble  since,  though  there  is  a  slight  growth 
just  beginning  to  show  in  detached  patches  within  a  few  days.  The  reservoir  c»«- 
tains  about  1,250,000  gallons  and  we  used  10  pounds  of  sulphate  of  copper.  This 
did  not  affect  the  native  trout  which  are  in  the  reservoir.  No  water  was  puinp«^ 
from  the  reservoir  for  several  days  after  the  sulphate  was  used,  but  the  outlet  gate 
was  closed  and  the  flow  from  the  springs  raised  the  level  of  the  water  in  the  rer- 
ervoir  and  reduced  the  strength  of  the  dose;  nevertheless  when  the  water  in  the 
reservoir  was  emptied  into  the  channel  which  conveys  the  overflow  to  the  Batten- 
kill,  it  cleaned  out  a  heavy  growth  of  algse  from  that  channel  for  its  full  length, 
about  half  a  mile.  If  the  present  growth  continues,  we  shall  try  the  sulphate  again 
this  fall,  using,  however,  a  less  quantity  of  it,  as  it  is  evident  from  the  cleaning  ui 
the  channel  that  a  lighter  dose  does  the  work. 

As  there  was  a  slight  growth  in  the  "  Upper"  reservoir,  we  gave  that  a  doee  about 
the  last  of  June,  using  20  pounds  of  sulphate  of  copper  for  4,000,000  of  gallons  4»f 
water.  The  same  effects  were  noticed  as  in  the  "Lower"  reservoir,  and  there  has 
been  no  growth  of  algro  since. 

The  use  of  the  copper  sulphate  has  certainly  been  most  successful  in  our  case. 
Not  only  has  the  water  company  been  saved  the  considerable  cost  of  repeated 
cleaning  of  the  reservoirs,  but  the  residents  of  our  village  have  been  saved  the 
annoyance  of  having  at  times  to  use  a  most  unsatisfactory  water  supply.  (Sep- 
tember 22,  1904.) 

ELMIRA,  N.  Y. 

The  following  is  an  extract  from  an  article**  entitled  *' The  Copper 
vSulphate  Treatment  for  Algae  at  Elmira,  N.  Y.,"  by  James  M.  Caird, 
consulting  engineer: 

The  reservoir  was  constructed  during  the  year  1870,  by  building  a  dam  across  a 
natural  site.  At  the  time  of  construction  the  timber  and  surface  soil  were  removed 
from  the  parts  to  be  flooded.  The  reservoir  has  a  drainage  area  of  about  4^  square 
miles,  covers  38  acres,  and  has  a  capacity,  when  full,  of  113,000,000  gallons.  The 
supply  is  derived  from  springs  and  a  small  stream  called  Hoffman  Creek. 

At  various  times  the  water  in  this  reservoir  has  been  a  source  of  trouble  owing  to 
its  strong  "fishy"  odor  and  taste,  due  to  a  growth  of  Anabaena  and  Asterionella. 
At  times,  before  the  construction  of  the  filter  plant,  it  was  necessary  on  account  of 
the  odor  and  taste  to  drain  and  clean  the  reservoir,  the  last  cleaning  being  done 
during  the  summer  of  1889.  The  growth  has  been  so  abundant  that  even  in  the 
winter,  when  it  was  necessary  at  times  to  use  this  supply,  lime  had  to  be  added 
before  filtration  in  order  to  remove  the  "  fishy  "  taste. 

a  The  Engineering  News.     52:  34. 
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The  temperature  of  the  water  at  the  time  of  treatment  was  64°  F.  In  all  1,000 
pounds  of  copper  sulphate  were  used  in  treating  the  90,000,000  gallons.  This  was 
(K^aal  to  li  parts  of  copper  sulphate  per  1,000,000  parts  of  water,  or  1 J  pounds  for 
every  120,048  gallons  of  water. 

The  ret?ervoir  was  treated  June  25,  and  none  of  the  water  was  used  until  June  27, 
thirty-six  hours  after  treatment.  A  sample  of  one  liter,  taken  on  June  27  and 
evaix)rated  to  100  c.  c,  failed  to  give  the  copper  reaction  when  tested  with  pota^ium 
ferro-cyanide. 

The  Anabaena  disappeared  thirty-six  hours  after  treatment,  while  the  Asterionella 
disappeared  eighty-four  hours  after  treatment.  In  looking  over  the  preceding  table 
it  is  seen  that  there  was  a  reduction  in  bacteria  of  86.7  per  cent  in  thirty-six  hours; 
91.8  per  cent  in  eighty-four  hours,  and  94.3  percent  in  one  hundred  and  eight  hours. 

Before  treatment  five  samples  of  1  c.  c.  each  were  examined  for  B.  coli  communis. 
Two  gave  positive  results.  Thirty-six  houris  after  treatment  this  bacillus  could  not  be 
found. 

In  operating  the  filters  it  was  found  that  after  the  treatment  the  period  between 
waiishings  had  been  increased  three  hours,  and  the  wash  water  was  reduced  from  2.3 
to  1.9  percent. 

The  effect  of  the  copper-sulphate  treatment  on  the  different  animal  life  was  as 
follows:  Numerous  **pollywogs"  killed,  but  no  frogs;  numerous  small  (less  than  2 
inches  long)  black  bass  and  two  large  ones  (8  inches  long)  killed;  about  ten  large 
"bullheads"  were  killed,  but  no  small  ones;  numerous  small  (less  than  2  inches 
long)  "sunfish  "  were  killed,  but  no  large  ones. 

The  wind  brought  the  dead  fish  to  the  corners  of  the  reservoir,  and  it  was  very 
little  trouble  to  remove  them.  No  dead  fish  were  seen  twenty-four  hours  after  com- 
pletion of  the  treatment. 

FIELDHOME,  N.  Y. 

The  following  extracts  from  letters  of  Mr.  C.  DeP.  Field,  owner  of 
the  estate,  summarize  the  results  obtained  at  Fieldhome,  N.  Y. 

The  reservoir  is  filled  by  a  spring  that  was  for  years  our  sole  supply  for  water,  and 
which  was  satisfactory.  The  reservoir  is  of  concrete,  about  4 J  feet  deep,  surrounded 
by  trees  which  do  not  exclude  the  sunlight.  It  has  no  top,  and  may  derive  some  of 
Its  supply  from  the  rain.  The  cattle  have  drunk  the  water  from  the  overflow  without 
apparent  ill  effects,  but  the  coloration  of  the  water  is  unfortunate,  and  apparently 
there  are  algae  in  it.     (July  8,  1904. ) 

After  treatment. — Day  by  day  we  could  see  the  end  of  a  stick  inserted  in  the 
reservoir,  a  little  deeper.     (July  23,  1904. ) 

The  reservoir  has  cleared  sufficiently  for  the  bottom  to  ])e  seen  in  places  and  the 
Htones  on  the  plank  put  in  to  walk  down  for  bathing  are  all  visible.     (July  28, 1904. ) 

GLENCOVE,    LONG   ISLAND,  N.  Y. 

A  pond  in  the  vicinity  of  Glencove,  Long  Island,  was  overgrown 
with  small  organisms,  chiefly  Volvox  globaUn*  and  Phacxui  Diicrocystis. 
These  are  resistant  organisms,  especially  the  Phacus,  but  as  is  shown 
in  the  following  extract  from  a  letter  from  Mr.  R.  A.  Shaw,  the  owner 
of  the  pond,  the  treatment  seemed  promising,  though  it  was  impos- 
sible to  get  definite  results. 

I  duly  carried  out  your  instructions  and  added  the  further  quantity  of  sulphate  of 
copper  to  my  pond.     I  think  there  has  been  some  improvement,  but  am  unable  to 
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tell  how  much,  because  the  water,  as  a  general  rule,  begins  to  clear  as  the  temperature 
becomes  cooler.  Under  such  conditions  it  will  probably  be  necessarj-  to  treat  several 
times  during  the  warm  season.     (September  28,  1904.) 

GREENWICH,  CONN. 

During  the  latter  part  of  July  Prof.  F.  S.  HoUis,  of  the  Yale  Medical 
School,  acting  under  advice  from  the  Laboratory  of  Plant  Physiology 
of  the  Department  of  Agriculture,  treated  the  two  reservoirs  supply- 
ing Greenwich,  Conn. 

The  following  is  an  extract  from  a  letter  received  from  Professor 

HoUis,  dated  August  11,  1904: 

Algae,  especially  Anabaena,  which  were  abundant  in  Putnam  reservoir,  were  com- 
pletely removed,  and  a  lar^e  growth  of  filaments  encased  in  jelly  and  attached  ti» 
waterworks,  which  w^as  probably  a  developing  stage  of  some  form,  almost  completely 
disappeared  within  a  week  after  treatment.  At  the  upper  end  of  the  reservoir  there 
has  appeared  since  the  treatment  a  considerable  growth  of  infusoria.  Bacteru 
increased  from  ten  to  twenty  times  after  treatment.  In  Rockwood  reservoir  at  the 
dam  the  total  organisms,  384,  with  Chlamydomonas  93,  decreased  in  four  day? 
after  treatment  to  91  with  Chlamydomonas  6.  On  August  9  organisms  had  increa^etl 
to  194  with  Chlamydomonas  53  and  the  complaint  as  to  water  is  continued  as  all 
evidence  of  the  sharp  odor  of  Chlamydomonas  is  not  removed  by  their  method  of 
mechanical  filtration.        Temperature  of  Rockwood,  23.6°  C;  of  Putnam  25°  C. 

On  account  of  the  slight  increase  of  the  pollution  mentioned  in  the 
last  sentence  of  Professor  Hollis's  letter,  a  second  treatment  was 
advised,  the  solution  used  to  be  of  the  same  strength  as  the  former 
one.  Presumabl}'^  this  was  satisfactorily  effective,  as  there  has  been 
no  further  complaint. 

HANOVER,  N.  H. 

In  the  case  of  the  water  supply  at  Hanover,  N.  H.,  it  was  impossible 
to  obtain  samples  of  the  organism  before  treatment  was  made,  and  it 
seems  that  any  one  of  several  species  might  have  been  resjx)nsible  for 
the  pollution,  though  for  geogmphical  reasons  it  seems  probable  that" 
the  form  in  question  is  Uroglena.  The  following  extract  from  the 
Eighteenth  Report  of  the  board  of  health  of  the  State  of  New  Hamp- 
shire, volume  18  (1903-4),  pages  159-161,  shows  the  results  obtained: 

On  account  of  the  gradual  eloping  of  the  banks  of  the  reservoir  and  the  presence  of 
many  fish,  a  1  to  4,000,000  solution  was  used.  *  *  ♦  It  was  estimated  that  there 
were  about  100,000,000  gallons  of*  water  in  the  reservoir  at  the  time.  The  copper 
sulphate  was  weighed  out  into  25-pound  lots.  One  lot  was  placed  in  a  gunny  sack, 
which  was  held  open  by  an  iron  spreader,  the  sack  fastened  at  the  top,  and  then 
attached  to  the  stern  of  a  rowboat.  The  boat  was  rowed  back  and  forth  across  the 
reservoir,  commencing  where  the  w^ater  was  deepest  and  ending  along  the  edge^ 
where  the  water  was  shallow.  This  process  was  repeated  along  lines  25  to  30  feet 
apart  until  the  whole  area  had  been  covered.  The  copper  dissolved  very  quickly,  the 
water  being  warm,  which  nec^essitated  rowing  rapidly  while  the  sack  was  full  and 
slowing  up  as  the  copper  in  the  sack  diminished. 

Another  small  body  of  water  was  treated  in  the  same  way,  except  in  this  case  a  1 
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to  1,000,000  Bolution  was  used.  No  bacteriological  examination  had  been  made 
previous  to  the  application  to  this  smaller  body  of  water.  The  application  was  made 
to  this  water  as  an  experiment  in  reference  to  the  effect  upon  the  fish. 

This  body  of  water  was  quite  shallow  at  the  edges  and  about  8  feet  deep  in  the 
center.  The  application  was  made  in  both  cases  on  the  same  day  between  10  a.  m. 
and  3  p.  m.  The  day  was  very  warm,  no  wind,  and  a  heavy  thunder  shower  took 
place  just  as  the  work  was  finished.     (July  19,  1904.) 

The  edges  of  the  reservoir  were  inspected  next  morning,  and  no  dead  fish  were 
found,  no  odor  was  noticed,  and  many  very  small  fish  were  seen  swimming  about. 

On  the  edges  of  the  smaller  body  of  water  86  small  dead  fish  were  picke<l  up,  the 
largest  of  these  measuring  1 J  inches  in  length.  The  appearance  of  these  dead  fish 
was  very  striking.  Their  abdomens  wer?  vory  much  distended  and  many  of  them 
had  buried  their  heads  in  the  mud,  and  in  all  cases  their  eyes  looked  '*iK)pped  out" 
from  their  sockets.  No  fish  were  seen  which  seemed  to  be  injured.  Quantities  of 
tinh  about  2  inches  long,  and  from  that  size  up  to  1  foot  long,  were  seen  swimming 
about  in  the  water  apparently  in  a  perfect  state  of  health.  Both  bo<lies  of  water 
were  inspected  each  morning  for  four  days;  no  more  dea<l  fish  were  found,  and 
nothing  remarkable  was  seen.  There  was  no  perceptible  change  in  the  appearance 
of  the  water.  Samples  were  taken  from  the  reservoir  and  from  taps  in  town  and 
examine<l  for  micro-organisms,  with  the  following  results: 

June,  1904,  1,800  micro-organ i.sms,  other  than  algie,  per  cubic  centimeter. 

July  16,  1904,  2,600  micro-organisms,  other  than  algae,  per  cubic  centimeter. 

The  above  was  tap  water.     Algse  not  included  in  this  table: 


Date. 


Reservoir. 


1901. 
July  20.... 
July  21.... 
July  22.... 

July  23 

July  30.... 
AagiiRt ... 
September 


Perc.  c 

7 

5 

15 

20 

(«) 
(«) 
(«) 


Tap. 


Perec. 

2,400 

400 

20 

15 

40 

600 

986 


Date. 


1904. 
October  ... 
November. 

July  16 

July  20 

July  21 

July22 

July23 


Reservoir. 


Per  c.  c. 


1^1 


Tap. 


Per  c.  c. 
840 
800 

(<*) 

in 
in 


a  No  examination. 


b  Large  numbers. 


cNone. 


dFew. 


Last  examination  for  algse  was  in  August,  when  only  a  few  grew  on  media. 

The  first  day  after  the  application  the  taste  and  odor  had  perceptibly  diminishe<], 
and  on  the  second  day  had  disappeared  altogetlier.  The  color  also  practically  dis- 
appeared, and  only  a  slight  color  reaction  could  be  detected  by  delicate  color  tests. 
Chemical  examination  showed  no  trace  of  copper  in  the  reservoir  water.  A  sample 
was  not  examined  from  the  small  pond.  No  one  in  town  except  those  immediately 
concerned  in  the  work  knew  that  anything  was  being  done,  but  in  two  days  after  the 
treatment  two  different  persons  remarked  upon  the  improvement  and  within  a  week 
no  less  than  11  individuals  spoke  of  it.  It  is  not  generally  known  at  this  time  that 
anythinsr  has  been  done  to  the  water.  Up  to  date  there  has  been  no  bad  taste,  no 
color,  and  no  odor  when  cold.  At  times  I  think  I  can  detect  a  very  slight  odor  on 
close  observation  when  the  water  is  warm. 

Cmiclnmon. — That  the  odor  and  ta.«<te  were  due  to  microscopic  organisms.  The  color 
to  a  great  extent  was  also  due  to  micro-organisms.  That  the  application  of  copi)er 
sulphate  in  the  strength  of  1  part  to  4,000,000  of  water  is  sufficient  to  dej^troy  these 
danisms  without  injury  to  fish.  That  1  part  of  copper  sulphate  to  1,000,000  parts 
of  water  as  found  in  the  ordinary  reservoirs  and  ponds  will,  in  addition  to  de.«^troying 
micro-organisms,  destroy  the  small  fish. 

The  probabilities  are  that  if  the  water  was  of  an  ecjual  depth  in  all  parts  of  our 
reservoirs  and  ponds  1  part  of  copper  sulphate  to  1,000,000  parts  of  water  would  not 


22  COPPER   IN    WATER   SUPPLIES. 

kill  the  fish,  but  as  the  edges  are  shallow  and  the  bottom  irregular,  it  is  impoasUe 
to  get  an  etjual  du<tribution  of  the  solution  until  after  the  smaller  fish  suocamb. 
There  can  be  no  fixed  general  rule;  each  case  must  be  treated  as  conditions  reqoire. 

HANOVER,  PA. 

The  three  reservoirs  of  this  svstem  were  badlv  infested  with  Ana- 
baena.  Treatment  was .  made  the  latter  part  of  August  on  the  first 
reservoir  and  several  days  later  upon  the  other  two.  The  surfiace  of 
the  water  cleared  within  a  short  time,  but  the  lower  layers  containing 
the  decaying  alga3  were  improving  but  slowly. 

The  following  extract  from  a  letter  from  Mr.  Charles  R.  Delaney, 
chemist  of  the  Consumers'  Water  Company,  shows  the  final  results: 

The  results  of  the  last  test  show  such  great  improvement  that  Mr.  Brough  has 
been  advised  to  let  the  l)ottom  water  run  off  until  the  odor  shows  only  fainth^  and 
then  to  turn  the  water  into  the  mains.     (September,  19(H.) 

IVORYDALE,  OHIO. 

The  small  reservoir  of  the  Proctor  &  Gamble  Compan}'  at  Ivoiydale, 
Ohio,  was  badl}^  infested  with  algsEj.  The  following  is  extracted  from 
a  letter  dated  September  22,  1904,  from  that  firm: 

We  are  glad  to  be  able  to  report  the  complete  success  of  the  treatment  of  our  reser- 
voir with  copper  sulphate. 

We  treate<l  the  water  as  you  directed,  using  approximately  one  part  copper  eai- 
phate  to  a  million  of  water.  At  this  time  there  were  several  lai^ge  floating  masses  oi 
alga?,  and  the  water  had  a  peculiar  odor  and  taste.  We  treated  the  water  Saturday 
afternoon,  August  13,  and  allowed  it  to  remain  practically  quiescent  for  several  da}'?- 
Monday  morning  we  found  the  masses  had  turned  brown  in  color  and  frothy,  but 
still  floating  in  the  large  masses.  These  masses,  however,  subsequently  disappeared, 
and  since  then  there  has  been  no  sign  of  the  growth  except  in  an  old  skiff  to  which 
the  treated  water  did  not  penetrate.     Here  the  mass  is  still  green. 

JOHNSON   CREEK,  WIS. 

The  Geo.  C.  Mansfield  Company  reports  as  follows  with  reference 
to  the  use  of  copper  in  two  ponds  at  Johnson  Creek,  Wis. : 

We  used  three  applications  of  the  solution  recommended,  and  used  same  in  each 
of  our  two  ponds.  The  applications  were  made  three  days  a}oart  and  as  per  your 
instructions.  We  had  intended  to  make  one  more  application,  but  cold  weatber 
came  on  and  the  ponds  froze  over;  however,  from  close  observation  of  the  results 
from  the  three  applications,  we  think  it  very  beneficial.  The  green  moes  had  aKwit 
all  disappeared  or  turned  scorched  or  brown  color,  and  evidently  was  destroyeti. 
We  believe  late  in  the  fall  to  be  a  splendid  time  to  make  these  applications,  as  mcte< 
of  the  fish  are  in  deep  water  and  do  not  come  in  contact  with  the  solution.  We  did 
not  discover  that  a  single  fish  was  destroyed.     (December  5,  1904.) 

MIDDLETOWX,  N.  Y. 

The  following  article,  entitled  ''The  Copper  Sulphate  Treatment 
for  Algaj  at  Middletown,  N.  Y.,"  by  James  M.  Caird,  appeared  in  the 
Engineering  News  for  Janiiar}'  12,  1905,  pages  33-34. 
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The  city  of  Middletown,  N.  Y.,  obtains  its  water  supply  from  three  impounding 
aervoirs  (Monhagen,  Highland,  and  Shawangunk)  which  are  located  some  distance 
om  the  city.  The  water  is  filtered  before  being  delivered  to  the  consumers.  The 
ter  plant  has  a  capacity  of  4,000,000  gallons  per  day,  consists  of  4  gravity  and  4 
-essure  filters,  each  net  of  2,000,000  gallons  capacity  per  day. 
The  water  from  Monhagen  resenr'oir  is  used  in  the  lower  parts  of  the  city  and  is 
i£8ed  through  the  gravity  filters,  while  the  elevated  section  uses  the  water  from 
ifichland  reservoir  after  passing  through  the  pressure  filters.  The  water  from 
aawangunk  reservoir  discharges  into  Monhagen  reservoir. 

In  recent  years  during  warm  weather  considerable  trouble  has  been  experienced 
y  algae  growths,  not  only  by  the  odor  which  they  produced  but  also  by  the  rapid 
clogging'*  of  the. filters.  At  times  the  filters  would  require  washing  at  intervals  of 
►ur  to  five  hours. 

'From  a  sanitary  standpoint  the  quality  of  these  waters  is  good,  the  drainage  area 
eing  owned  or  controlled  by  the  water  department. 

Moriliagen  reservoir. — The  Monhagen  reservoir,  which  was  const ructetl  in  1867,  was 
he  first  to  be  treated  with  the  copper  sulphate,  the  reason  being  that  the  greater 
art  of  the  city^s  supply  is  obtained  from  this  source.  This  reservoir  has  a  drainage 
rea  of  300  acres,  surface  area  of  68  acres,  and  a  capacity  of  296,000,000  gallons. 
\'hen  treated,  this  reservoir  contained  250,000,000  gallons.  The  copper  sulphate  was 
applied  at  the  rate  of  1  part  to  3,333,000  parts  of  water. 

Portions  of  this  reservoir  were  covered  with  a  heavy  growth  of  Potamegeton  (pond 
^-eed) .  Three  days  after  the  treatment  this  weed  began  to  come  to  the  surface,  and 
v^as  raked  off.  Upon  investigation  it  appeared  to  have  rotted  at  the  root.  The  con- 
litions  in  this  reservoir  permitted  a  very  uniform  application  of  the  copper  sulphate. 
^o  fish  were  killed,  although  they  were  present  in  large  numbers. 

The  examination  of  this  water,  before  and  after  the  treatment,  revealed  the  follow- 
iig  organisms: 

'  Fourteen 
'  Before.  '     days 
I     after. 

I    ■  I 

DiAtomaceae: 

Syiie<lra 

Nltzschia 

Chlorophyceae: 

Ulothrlx 

Closteriam 

Cyanophvceae: 

OHcillaria 

Anabaena 

Schizomyeetes: 

-Leptothrlx 

Crenothrlx 

Miscellaneous: 

Pleureonema 

Notholea 


Total  per  c.  c 43 

Bacteria  per  c.  c ,  420 


■ 

2 
4 

i 

6 
8 

6 
15 

2 
2 

1 

2 

1 

450 


The  odor  from  this  water  before  treatment  was  noticeable  at  a  considerable  distance 
from  the  reservoir. 

Shmvangunk  resen'oir. — This  reservoir  was  constructed  in  1902  and  has  a  drainage 
area  of  422J  acres,  a  surface  area  of  101  acres,  and  a  capacity  of  434,000,000  gallons. 
There  is  a  large  quantity  of  decaying  wood  in  this  reservoir,  as  the  stumps  were  not 
removed  before  the  land  was  flooded.    No  growth  of  Potamegeton  was  shown. 

It  was  very  difficult  to  treat  this  reser\'oir  in  places,  owing  to  the  stumps.  In 
going  around  the  stumps  the  copper  sulphate  was  applied  a  little  stronger  than  in 
other  parts  of  the  reservoir.    The  consequence  was  the  death  of  a  few  fish. 
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The  organisms  found  in  the  water  before  and  after  treatment  were  as  follows: 


Before. 


Tcn< 


Diatomaceae— Nitzschia ,  8 

Chlorophyceae:  i 

Ulothrix I  10 

Protococcus 

Cynanophyceae:  < 

Oscfllaria 14 

A  nabaena 12 

Schizomycetefr— Leptothrix 9 


Total  percc. 
Bacteria  percc 


53 
300 


Highland  res^erroir. — This  reservoir  was  completed  in  1891,  has  a  drainage  ara 
341  acres,  a  surface  area  of  110  acres,  and  a  capacity  of  560,000,000  gallons.  \^1 
treated,  the  reservoir  contained  495,000,000  gallons.  The  copper  sulphate  was  ap^ 
at  an  average  rat<»  of  1  part  to  2,292,000  parts  of  water. 

There  are  a  large  numl^r  of  "coves"  around  this  reservoir,  which  necessitate 
stronger  treatment,  resulting  in  the  killing  of  a  few  fish.  I  should  estimate  I 
strength  of  the  copper  sulphate  in  these  localities  at  ahout  1  part  to  1,250,001 
water. 

As  in  Monhagen,  this  reservoir  contained  a  growth  of  Potamegeton,  which  bro 
off  after  treatment  and  came  to  the  surface,  where  it  was  raked  off. 

The  organisms  found  before  and  after  treatment  follow: 

'  Sixdt 


Before,    ''^w 


Diatomaceae— Nitzschia 7 

Chlorophyceae — Protococcus 34 

Cyanophyceae— Oscillaria 5 

Schizomycete»— Leptothrix 5 

Rodfer:  , 

Microcodon I  10 

Notholca , 1 

R.  V ulgaris 1 


Total  per  c.  c '  T8 

Bacteria  per  c.  c 400 


The  temperature  of  these  waters  at  the  time  of  treatment  was  about  68°  F.  T 
greatest  trouble  with  the  waters  commenced  about  the  middle  of  August.  The  a 
per  sulphate  was  applied  the  first  part  of  September,  since  which  time  the  wifc 
have  given  no  trouble. 

The  destniction  of  the  algse  in  waters  which  are  to  be  filtered  by  the  mechanii 
process  results  in  a  great  saving  in  the  cost  of  operation.  That  is,  after  treatment  k 
coagulant  is  required  to  free  the  water  from  the  suspended  matter,  the  period  betwe 
the  washings  of  the  beds  is  longer  and  there  is  a  reduction  in  the  percentage  of « 
water. 

The  freeing  of  the  reservoirs  of  the  growth  of  Potamegeton  was  also  very  deal 
ble  Ijeecause  after  its  death,  which  occurs  during  cold  weather,  it  decomposes  u 
imparts  a  very  distinct  yellowish-brown  color  to  the  water. 

The  beneficial  results  were  noticeable  twenty-four  hours  after  the  application  of  tl 
copper  sulphate  to  these  waters.  *  *  *  The  total  amount  of  water  treate<i  * 
1,095,000,000  gallons.    The  cost  of  this  treatment  was  as  follows: 

Copper  sulphate,  freight  and  cartage $186.< 

Cartage  of  boats 5. 1 

Labor,  eighty-three  hours,  at  15  cents  per  hour 12.- 

Total 203.! 

Exclusive  of  examinations  and  supervision,  this  was  at  the  rate  of  18}  cents  p 
1,000,000  gallons  of  water  treated. 
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MILLERSBURG,  PA. 

Treatment  in  the  case  of  the  reservoir  at  Millersburg,  Pa.,  was 
ndertaken  b}' the  Millersburg  Home  Water  Company  and  this  Irbora- 
3i\v  has  no  record  of  the  organism  causing  the  trouble.  The  follow- 
\g  extmcts  from  reports  of  T.  F.  Bradenbaugh,  president  of  the  water 
oinpany,  show  the  condition  of  the  reservoir; 

*/f'ly  SI  J  1904' — 9  a.  in.,  copper  sulphate  placed  in  the  reservoir,  2  pounds  per  mil- 
oii;  7  p.  m.,  slight  change  in  the  color  of  the  water. 

Aurfitst  1. — 7  a.  m.,  color  changed  considerably;  7  p.  m.,  water  clearing. 

Augufi  ^. — 7  a.  m.,  color  changed  to  blue-green  and  much  clearer;  7  p.  m.,  water 
learer,  bottom  ot  reservoir  dimly  seen. 

August  4' — 6  p.  m.,  objects  on  lx)ttom  of  the  reservoir  plainly  seen.  Small  white 
articles  seem  to  be  suspended  in  the  water;  these  are  rapidly  settling,  leaving  the 
rater  clear  as  crvstal. 

Sovemher  12. — After  having  sent  you  sample  of  water,  and  before  receiving  your 
etter  dated  August  16,  the  water  in  our  reservoir  ]>ecame  so  bad  both  in  color  and 
Kior  that  we  gave  it  a  second  treatment,  using  the  same  quantity  and  method  as  in 
reatment  No.  1. 

The  water  again  cleared  and  odor  disappeared,  but  not  to  so  marked  a  degree  as 
ifter  the  first  treatment.  (Several  fish  died  during  this  treatment)  The  effect  of 
treatment  No.  2  lasted  about  three  weeks,  when  the  conditions  again  became  so  bad 
Lhat  we  treated  it  a  third  time,  with  about  the  same  results  as  No.  2. 

After  this  treatment  we  changed  our  pumping  system,  so  that  instead  of  pumping 
into  the  reservoir  we  pumped  direct  into  the  pipe  lines,  allowing  the  surplus  to  back 
iip  into  the  reservoir.  From  that  time  we  have  had  no  trouble,  but  the  water  in 
the  reservoir  still  retained  its  greenish  color  until  cold  weather  came;  now  it  is 
changing  and  is  nearly  as  clear  as  crystal  again. 

It  seems  that  deep-well  water,  if  allowed  to  lie  in  a  shallow  basin  or  reservoir 
under  a  hot  sun,  will  develop  these  troubles  with  great  rapidity. 

By  tracing  down  the  source  of  contamination  and  thoroughly  sterilizing  that,  as 
well  as  treating  the  reservoir,  there  seems  every  probability  that  this  polluting  form 
could  be  eradicated. 

MONCTON,  NEW  BRUNSWICK. 

The  report  upon  the  conditions  and  effect  of  treatment  at  Moncton 
is  of  especial  interest  on  account  of  being  the  only  one  dealing  with 
an  icebound  reservoir.  The  following  extracts  from  letters  from  Mr. 
J.  Edington,  city  engineer,  and  from  the  Daily  Times,  of  Moncton, 
fihow  the  method  of  treating  and  the  results  obtained: 

Our  trouble  is  almost  entirely  confined  to  the  winter  months,  when  the  reservoir 
IS  frozen  over.  It  varies  more  or  less  according  to  the  length  and  severity  of  the 
winters,  but  the  past  two  have  been  particularly  bad. 

In  1903  and  1904  the  reservoir  was  frozen  over  on  the  20th  of  November,  and  on 
the  17th  of  January  the  odor  and  taste  commenced.  This  continued  until  the  7th  of 
March,  when  the  spring  rains  and  freshets  brought  relief. 

The  conditions  this  winter  are  very  much  the  same.  Openings  have  been  kept  in 
the  ice,  but  with  zero  weather  they  are  not  much  good,  as  the  ice  forms  as  soon  as 
holes  are  made. 

The  reservoir  hag  a  capacity  of  200,000,000  gallons  and  is  30  feet  deep  at  the  gate 
house,  and  it  is  noticeable  that  the  top  layer  of  5  feet  is  comjMiratively  free  from  taste 
and  odor,  while  at  10  or  15  feet  the  trouble  is  bad. 
23341— No.  76—05 4 
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If  the  copper  sulphate  treatment  has  to  be  done  in  the  winter,  could  it  be  e&ct- 
ively  applied  when  the  ice  is  from  2  to  3  feet  thick?    (February  13,  1905. ) 

The  daily  consumption  of  water  is  1,250,000  gallons  in  twenty-four  hours,  flow 
would  it  do  to  place,  say,  one-fourth  of  a  pound  in  gate  house  every  six  hours,  or  & 
lesser  quantity  oftener,  so  that  the  proportion  would  be  1  pound  per  million  gallon** 
Of  course  there  is  no  current  in  gate  house,  as  the  water  remains  at  same  bead  as  in 
reservoir.     (February  24,  1905.) 

The  experiment  was  commenced  at  noon  on  the  8th  instant  by  suspending  two 
bags  of  copper  sulphate,  each  containing  2  ounces,  on  a  level  with  inlet  pipes  in  gate 
house. 

The  daily  consumption  of  water  is  estimated  at  1,250,000  gallons,  but  the  quantity 
of  copper  sulphate  was  based  on  1,000,000  gallons,  the  idea  being  to  apply  4  ounces 
every  two  hours,  thus  giving  1  pound  per  million  gallons. 

It  was  found  that  the  crystals  dissolved  too  quick,  and  the  quantities  were  chanced 
to  2  ounces  every  three  hours. 

A  large  opening,  100  feet  by  40  feet,  is  cut  in  the  ice  adjacent  to  gate  house  and 
immediately  over  intake  pipes.  This  has  also  been  treated  every  second  day  by  the 
application  of  1  ounce  forenoon  and  afternoon,  this  quantity  being  put  in  a  small 
bag  attached  to  a  long  pole  and  trailed  up  and  down  through  the  water  until  dis- 
solved, the  object  in  view  being  to  get  as  even  a  distribution  as  possible  of  1  pound 
of  copper  sulphate  per  million  gallons  every  twenty-four  hours.  The  result  hs 
been  a  great  improvement  in  the  water  not  only  in  the  taste  and  odor,  but  in  its 
color.     (March  14,  1905.) 

The  experiment  was  tried  several  days  ago,  and  immediately  an  improvement  wss 
noticeable  in  the  water.  Yesterday  the  improvement  was  so  marked  that  it  was  a 
matter  of  comment  among  the  citizens.  The  improvement,  however,  was  attributed 
to  the  melting  snow,  but  as  a  matter  of  fact  there  has  been  no  new  water  from  this 
source  up  to  the  present  time.  *  *  *  Engineer  Edington  is  satisfied  that  a  solu- 
tion of  the  trouble  with  the  water  in  the  winter  season  has  been  found.  (The  Daily 
Times,  Moncton,  New  Brunswick,  March  14,  1905. ) 

NEW  YORK,  N.  Y. 

The  following  extract  is  taken  from  a  paper  read  before  the  American 
Chemical  Society^  by  Mr.  Daniel  D.  Jackson,  chemist  in  charge  of  the 
Mount  Prospect  Laboratory  in  Brooklyn: 

The  department  of  water  supply  and  the  department  of  parks  of  New  York  City 
have  both  had  waters  treated  by  the  author  during  the  summer  with  decided  suc- 
cess, and  in  each  case  only  one  treatment  extending  for  a  period  of  one  honr  was 
neceesarv. 

NEWTOWN,  PA. 

The  reservoir  at  Newtown,  Pa.,  is  a  small  one,  with  a  summer  tem- 
perature close  to  60^  F.  The  number  of  Sceried^smns  caudatus  per 
cubic  centimeter  was  sufficient  to  give  a  decided  green  color  to  the 
water,  and  a  scum  or  film  would  form  during  quiet  weather.  As  the 
organism  is  a  resistant  one,  two  treatments  were  made  about  one 
week  apart. 

« Science,  20:  805.'   See  also  The  Engineering  Record,  October  29,  1904. 
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IVIr.  T.  J.  Kenderdine,  of  the  Newtown  Water  Company,  gives  an 
a.C5count  of  the  work  in  the  Intelligencer,  from  which  the  following  is 
quoted: 

* 

The  Newtown  Artesian  Water  Company  was  put  in  operation  sixteen  years  ago, 

id  was  a  case  of  ground  water  pumped  into  an  open  basin.     The  water  was  analyze<l 

chemically  pure,  and  in  the  absence  of  knowledge  of  alga  the  managers  were  sur- 

I>rised  to  find  a  discolorization  in  it  the  coming  summer,  with  a  taste  as  it  increased 

^l:&at  brought  complaint  from  the  consumers.    To  relieve  this  the  water  was  let  out, 

-v^--  hen  a  green  sediment  was  found  coating  the  bottom  and  sides  of  the  basin.    This 

x%-a£i  removed  by  a  thorough  flushing  and  scrubbing  with  stiff  brooms,  when  it  was 

t  In  ought  the  trouble  was  over.    This  was  not  the  case,  and  for  the  past  sixteen  years 

"t  liere  has  been  a  repetition  of  this  attempt  to  remedy  the  evil,  which  was  found  to  be 

a.  vegetable  growth  in  the  water  developed  by  the  sun  or  to  exposure  in  an  open  basin. 

Tlie  only  way  after  it  appeared  in  April  was  to  empty  the  reservoir  weekly,  after 

running  the  water  down  to  a  depth  of  two  and  a  half  to  three  feet,  and  refill  it;  then, 

SLt  the  end  of  each  month  or  six  weeks,  have  a  general  scrubbing  and  brushing  of  the 

6e<limented  water  to  a  prepared  depression,  where  it  was  pumped  or  carried  over  the 

rim  of  the  basin  in  buckets.     The  only  other  remedy  for  riddance  of  the  pest  was  to 

rr>of  over  the  whole  surface,  to  erect  a  brick  cistern  in  the  center  of  sufficient  size  for 

lioiisehold  needs,  and  with  an  outlet  for  the  main  body  of  water  in  case  of  fire,  the 

inlet  from  the  pumping  station  coming  up  through  the  center,  and  roof  that  in,  and 

thereby  save  the  prohibitory  expense  of  covering  the  whole  reservoir,  or  to  pump 

night  and  day  into  the  street  mains  to  give  the  consumers  fresh  water,  and  leave  a 

stagnant  pool  in  the  basin,  or  throw  away  the  work  spent  on  erecting  the  basin  and 

erect  a  standpipe.     All  these  were  thought  of  by  those  interested,  but  the  cost  and 

uncertainty  of  results  deterred  action,  and  the  alga  trouble  seemed  as  if  it  would 

stretch  out  indefinitely  into  the  future,  with  its  cost  of  riddance  and  drain  on  the  coal 

pile  to  replace  the  lost  water  from  wells  from  150  to  200  feet  deep  to  a  storage  basin 

60  feet  above  their  surfaces.    The  remedy,  however,  without  the  expenses  these 

would  involve  was  not  far  off. 

The  second  application  was  made  September  24,  when  it  was  found  a  marked 
change  had  taken  place  for  the  better  in  the  character  of  the  water.  The  greenness 
was  going  and  so  was  the  fishy  taste. 

Nine  days  later  an  examination  of  the  reservoir  was  made,  when  it  was  shown 
that  the  water  was  absolutely  clear  and  that  there  was  no  need  of  further  treatment. 
It  is  now  three  months  since  the  water  has  been  let  out  or  the  reservoir  cleaned,  and 
the  effect  of  the  small  amount  of  copper  used  is  marvelous.  The  water  in  the  basin 
is  as  clear  as  a  lake,  and  comes  from  the  household  faucet  as  if  piped  from  a  spring. 
The  days  of  letting  out  alga-infected  water  and  its  replacement,  as  well  as  the 
monthly  cleaning,  which  was  looked  for  as  surely  as  the  new  moon  in  the  warmer 
seasons,  are  now  of  the  past,  and,  as  a  matter  of  course,  the  hours  for  pumping  lessened, 
as  well  as  the  drain  on  the  coal  pile,  and,  better  than  all,  there  was  no  longer  any 
complaints  coming  from  the  consumers.  In  dollars  and  cents  the  cost  of  the  new 
mode  was  not  over  $1,  while  the  old  way  would  have  been  $60  in  the  time  since  the 
last  cleaning  of  the  reservoir. 

OBERLIN,  OHIO. 

George  N.  Carruthers,  Springdale  Farm,  reports  as  follows: 

You  may  recall  my  visit  at  your  headquarters  last  spring,  and  your  call  at  my 
farm  to  inspect  my  water-lily  and  lotus  pond,  and  your  recommendation  for  the 
destruction  of  algfe.     Your  remedy  was  entirely  successful.     (October  24,  1904. ) 
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PASSAIC,  N.  J. 

It  is  evident  that  the  source  of  contamination  at  Passaic,  X-  J.^  has 
not  been  eradicated,  and  it  seems  that  with  the  location  and  treatment 
of  this  source  the  water  could  be  kept  in  good  condition.  The  lake  i* 
a  small  one,  owned  by  a  land  improvement  company.  Mr.  Frank 
Hughes,  agent  for  the  com|)any,  writes: 

We  have  treated  the  lake  twice  this  summer,  and  the  last  time  we  also  applied  rht* 
copper  sulphate  to  the  little  pond  above.  There  has  been  a  slight  return  of  thealgie, 
but  so  far  it  has  not  been  enough  to  require  another  treatment.  After  the  seccynd 
treatment  last  summer  there  was  no  return  of  the  algse  until  about  the  middle  of 
June  this  present  summer.     (September  19,  1904.) 

PORT  DEPOSIT,  MD. 

Early  in  May  the  water  in  the  small  reservoir  supplying  the  Jacob 
Tome  Institute  at  Port  Deposit,  Md.,  was  in  rather  bad  condition,  due 
chiefly  to  the  presence  of  Chlamydomonas.  Treatment  was  made  May 
6, 1904,  and  on  September  26  President  A.  W.  Harris  wrote  as  follows: 

The  improvement  in  the  taste  and  odor  of  the  reservoir  water  was  extremely 
marked.     The  water  is  now  in  a  very  satisfactory  condition. 

RHTNEBECK,    N.    Y. 

George  N.  Miller  reported  as  follows  on  September  27,  1904,  with 
reference  to  the  success  obtained  in  using  copper  in  the  lake  on  his 
estate  at  Rhinebeck,  N.  J. : 

On  August  3  I  added  10  pounds  of  copper  sulphate  to  my  lake,  and  on  August  5 
there  were  hardly  any  signs  of  algte  left.  About  September  1 1  treated  again,  as:  the 
algse  had  reappeared,  especially  in  the  lower  part  of  the  lake.  This  time  it  was  only 
fairly  successful.  It  seemed  to  kill  off  about  half  of  the  algee.  A  second  application 
three  days  afterwards  seemed  to  have  but  little  effect.  I  should  say  that  to  kill  com- 
pletely needed  a  much  stronger  solution.  The  amount  1  used  certainly  did  no  harm 
to  cattle,  sheep,  etc.,  and  did  not  kill  any  fish. 

The  alga  causing  the  trouble  is  a  rather  resistant  filamentous  fonn, 
but  one  which  should  be  easily  eradicated  by  treating  as  soon  as  the 
warm  season  begins  to  cause  rapid  development,  and  probablj'  again 
late  in  the  summer. 

SCARBORO,    N.    Y. 

The  following  is  a  report  of  the  treatment  of  a  pond  on  the  estate 
of  James  Speyer. 

I  dissolved  100  pounds  of  copper  in  the  pond.  Now  there  is  not  a  bit  of  water-net 
to  be  seen.     (July  25,  1904. ) 

The  quantity  I  roughly  estimate  at  alx)ut  one-half  the  quantity  which  you  advise«.1, 
but  that  solution  did  its  work  effectively  and  the  algse  b^an  to  discolor  in  alxnit 
twenty-four  hours,  and  after  thirty-six  hours  entirely  disappeared,  sinking  to  the 
bottom. 
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It  18,  however,  only  j^ist  for  me  to  add  that  with  the  continuation  of  the  hot 
-weather  the  pond  developed  a  rather  disa^eeable  odor,  and  1  also  found  several 
dead  eeLs  in  the  pond.  Whether  this  odor  is  due  to  some  fish  which  died  on  account 
of  the  copper  sulphate  or  to  the  decaying  of  the  plants  which  had  sunk  to  the  bottom 
I  cannot  tell,  but  in  former  years  when  the  water  supply  was  about  the  same  as  this 
year  I  did  not  notice  the  smell.     (September  20,  1904. ) 

If  the  alga  was  allowed  to  develop  until  it  was  forming  large  masses 
it  is  to  be  expected  that  during  its  decay,  subsequent  to  treatment,  it 
^would  give  oflf  a  very  decidedly  disagreeable  odor. 

SPRINGFIELD,  ILL. 

Arthur  Hay,  secretary-engineer  of  the  Pleasure  Driveway  and  Park 
District,  of  Springfield,  111.,  wrote,  under  date  of  September  21, 1904, 
re^rding  the  use  of  copper  in  a  park  lake,  as  follows: 

The  custodian  reports  that  he  hag  used  2  pounds  of  copper  sulphate  in  a  pond 
containing  about  2,000,000  gallons  of  water  thickly  planted  with  water  lilies  and 
stocked  with  fish.  The  surface  of  the  water  was  covered  with  a  **  brownish  scum  " 
[probably  Spirogyra].  A  few  hours  after  the  application  of  the  sulphate  the  scum 
disintegrated  into  a  curdy  precipitate  which  remained  entangled  about  the  stems  of 
the  water  lilies. 

After  waiting  several  days  for  this  to  disappear,  and  observing  no  change,  he  drew 
off  the  water,  and  after  cleaning  the  pond  refilled  it  with  fresh  water.  He  has  not 
noticed  any  growth  of  the  scum  since.  Neither  the  water  lilies  nor  the  fish  were 
affected  by  the  use  of  the  sulphate.  In  another  pond,  with  no  water  lilies,  but  bor- 
dered with  cat-tails  and  aquatic  grasses,  there  was  no  scum,  but  a  heavy  growth  of 
a  •* stringy  green  moss.*'  He  applied  copper  sulphate  here  in  the  strength  at  first  of 
1  pound  to  1,000,000  gallons  of  water,  and  later  considerably  stronger,  but  noticed 
no  effect  either  on  the  moss  or  the  cat-tails. 

WALTHAM,  MASS. 

Bertram  Brewer,  city  engineer,  reported  trouble  due  to  algse  in  the 
watering  tubs  in  his  pasture.  Mr.  Brewer  wrote  as  follows  on  Sep- 
tember 24,  1904: 

Soon  after  I  received  your  directions  I  filled  the  tubs  with  copper  sulphate  solution 
and  let  it  stand  in  one  tub  forty-eight  hours,  in  the  other  about  a  week.  The  result 
was  that  I  have  not  had  to  repeat  the  dose  oftener  than  once  in  three  weeks.  I  found 
that  a  careful  washing  in  the  copper  solution  also  prevented  the  growth  of  mosquitoes 
in  my  tubs,  and  that  made  it  doubly  desirable. 

This  is  of  interest  on  account  of  again  bringing  up  the  matter  of  the 
destruction  of  mosquito  larvse  in  pure  water  b}^  copper  sulphate. 

WATER  MILL,  LONG   ISLAND,  N.  Y. 

■ 

The  following  letter,  dated  December  28,  1904,  from  Dr.  Thomas 
T.  Gaunt,  New  York  City,  is  .self-explanatory: 

My  place  in  the  country  is  located  at  Water  Mill,  in  the  township  of  Southampton, 
in  Long  Island.  1  purchased  it  in  April,  1902,  and  was  largely  influenced  in  select- 
ing this  piece  of  land  by  the  beauty  of  a  pond  which  bounds  it  on  the  east    This 
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little  body  of  water  covers  about  2  acres,  is  fed  by  numerous  springs,  and  dischaig^ 
into  Mecox  Bay,  the  southern  boundary  of  the  land.  When  I  boc^ht  the  place  the 
l>ond  Was  filled  with  clear  water.  About  the  middle  of  the  following  June  alg^ 
l)egan  to  show,  and  in  August  the  surface  was  almost  entirely  covered  by  the  growih. 
The  odor  was  offensive,  and  myriads  of  small  insects  hovered  over  the  masee  c^ 
alga*  much  of  the  time.  I  consult^  two  engineers  interested  in  the  storage  of  water, 
and  tliey  told  me  nothing  could  be  done.  The  condition  was  so  objectionable  that  I 
planned  to  plant  a  thick  hedge  of  willows  along  the  bank  to  shut  off  the  view  of  the 
pond  from  the  house.  *  *  *  I  examined  the  pond  on  June  15  and  found  lare^ 
masK^s  of  algae  covering  an  area  several  hundred  feet  in  length  and  from  20  to  4^) 
feet  in  width.  No  microscopical  examination  was  made  of  the  growth,  but  I  was 
informed  that  it  seemed  to  be  laigely  composed  of  filaments  of  Spirog:}-ni  and  oth«r 
Conterveic.  On  June  18  the  treatment  was  begun.  *  *  *  In  one  week  th** 
growth  had  sunk  and  the  pond  was  filled  with  clear  water.  I  examined  the  pood 
on  September  15  and  found  it  still  clear.  From  time  to  time  during  the  summer 
Pinal  1  masses  of  algse  appeared  along  the  banks,  but  they  were  only  apparent  on  cic»: 
inspection. 

The  use  of  the  sulphate  of  copper  converteil  an  offensive  insect-breeding  }x>nd  into 
a  )x)dy  of  beautifully  clear  water.  The  pond  was  full  of  fish,  but  the  copper  did  aot 
seem  to  harm  them. 

WELLSBORO,  PA. 

Anton  Hardt,  Wellsboro  Water  Compan}',  wrote  on  August  16, 19(>4: 

May  26  I  distributed  15  piounds  of  sulphate  of  copper  as  directed  bv  you.  The 
algJB  turned  brown  in  three  days  and  disappeared  entirely  inside  of  two  weeks. 
There  is  no  perceptible  odor  from  the  water  at  present. 

WINCHESTER,  KY. 

William  Wheeler,  consulting  engineer,  Boston,  Mass.,  wrote  on  Sep- 
tember 14,  1904,  as  follows: 

Among  the  many  sources  of  water  supply  with  which  I  have  had  relations  as 
engineer  and  manager,  under  both  municipal  and  private  ownership,  none  has 
approached  that  for  Winchester,  Ky.,  in  the  intensity  of  the  development,  of  algse 
therein  or  in  offensiveness  of  the  results  arising  therefrom. 

The  works  were  constructed  in  1890,  the  source  of  supply  being  the  impounded 
waters  of  a  creek  in  the  Blue  Grass  r^ion,  in  which  the  flow  varies  from  a  violent 
torrent  in  times  of  heaviest  rainfall  to  sometimes  no  appreciable  flow  whatever  dur- 
ing one  to  three  or  four  months  of  the  driest  summers. 

Tlie  odor  first  appeared  in  a  noticeable  d^ree  during  the  hot  summer  months  two 
or  three  years  after  the  works  were  constructed,  and  gradually  increased  from  year 
to  year — mitigated  to  some  extent  by  means  of  filtration  and  jeration,  yet  neverthe- 
le^H  attaining  to  such  a  degree  of  offensiveness  two  years  ago  as  to  make  its  use  for 
any  purpose  almost  intolerable. 

In  April,  1903,  I  applied  to  Mr,  Albert  F.  Woods,  Pathologist  and  Physiologist  of 
the  Bureau  of  Plant  Industry,  to  enlist  the  services  of  Doctor  Moore  in  treating  the 
Winchester  reservoir  by  the  copper  snlphate  process,  and  the  results  have  been 
brieflv  set  out  in  Bulletin  No.  24  of  the  Bureau. 

The  treatment  has  once  been  renewed  this  season,  and  the  water  lias  thereby  been 
kej)t  entirely  inoffensive  to  the  senses  of  taste,  smell,  and  sight,  and  made  satisfao 
tory  to  the  owners  of  the  works  and  the  community  which  they  ser^'e. 

The  economic  value  of  the  treatment  appears  to  be  measured  by  what  it  would 
have  cost  to  procure  and  maintain  an  entirely  new  and  independent  supply,  the  only 
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practical  source  of  which  is  the  Kentucky  River,  at  a  distance  of  nearly  10  miles  from 
the  town  and  over  500  feet  below  it  in  elevation.  The  cost  of  installing  and  operate 
ing  the  additional  works  that  would  be  required  would  be  about  twice  as  great  as  the 
cost  of  building  and  operating  the  present  supply  w^orks. 

Charles  F.  Attersall,  superintendent  of  the  Wincnester  waterworks, 
under  date  of  October  8,  1904,  said: 

The  treatment  of  the  reservoir  was  made  on  July  19,  1904,  with  a  solution  of  1  to 
4,000,000  copper  sulphate.  The  treatment  was  considered  necessary  owing  to  the 
appearance  of  Anabaena  and  a  perceptible  increase  in  odor.  The  solution  was  dis- 
tributed through  the  reservoir  in  practically  the  same  way  as  applied  last  year.  The 
result  of  this  treatment  has  been  entirely  satisfactory,  and  we  have  had  no  occasion 
to  repeat  it.  The  water  has  been  in  excellent  condition  all  the  year,  with  the  excep- 
tion of  a  very  slight  odor  at  the  time  the  solution  was  applied.  We  have  had  no 
complaints  from  the  consumers,  which  is  the  first  time  since  the  completion  of  the 
plant  in  1891. 

WIKNEBAGO  CITY,  MINN. 

The  use  of  copper  in  this  instance  was  for  the  purpose  of  removing 
the  odor  caused  by  the  decay  of  Lemna  and  sedge  that  grew  and 
decayed  rapidly  in  the  cooling  pond  of  the  Winnebago  Flour  Mills 
Company  The  amount  applied  was  far  in  excess  of  what  would  be 
pi'acticable  if  fish  were  present,  and  illustrates  merely  an  incidental 
use  of  copper  sulphate.  S.  W.  Tredway,  of  the  above  company,  wrote 
on  September  17, 1904,  as  follows: 

We  have  applied  sulphate  of  copper  twice,  putting  same  in  a  bag  at  a  time  when 
onr  pond  was  still  and  dragging  it  all  around.  We  used  3  j)ounds  of  copper  with  each 
treatment.  We  have  not  been  running  hot  water  into  the  pond  for  some  three  or 
four  weeks  because  of  the  fact  that  our  condenser  gave  out,  and  we  are  now  instal- 
ling a  new  one,  and  consequently  there  has  been  no  current  through  the  pond  during 
all  this  time. 

The  copper  has  completely  removed  the  odor  arising  from  the  pond,  and  there  is 
no  question  but  that  the  growth  has  been  checked,  and  from  appearances  we  should 
think  that  the  weeds  are  commencing  to  die  off.  We  probably  will  not  be  in  a  })08i- 
tion  to  say  definitely  just  what  the  results  are  before  next  spring.  We  are  going  to 
make  an  effort  in  the  early  spring  to  prevent  a  new  growth  entirely. 

NECESSITT  FOB  DETEBMININa  THE  POLLTJTIKa  OBGANISM. 

Before  the  quantity  of  copper  required  in  a  particular  reservoir  can 
possibly  be  determined  it  is  absolutely  necessary  to  ascertain  the  exact 
character  of  the  organism  causing  the  trouble.  This  makes  a  micro- 
scopical examination  of  the  first  importance.  Also,  the  earlier  in  its 
development  the  prcvsence  of  the  polluting  form  is  revealed,  tlie  more 
effective  will  be  the  treatment.  If  examinations  are  made  at  short 
intervals  throughout  the  year,  the  first  appearance  of  the  troublesome 
algie  can  be  noted,  and  by  treating  promptly  at  the  first  sign  of  their 
decided  increase  it  is  possible  to  destroy  them  before  the  consumer  is 
caused  any  annoyance.  This  makes  a  considerable  difference  in  the 
expense  of  treatment  also,  as  it  may  require  fifteen  to  twenty  times  as 
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much  copper  to  clean  a  reservoir  after  the  bad  taste  and  odor  are 
evident  as  it  would  if  the  application  had  been  made  Ijefore  the 
organism  had  established  itself. 

Ill  all  cases  the  use  of  copper  is  advocated  as  a  preventive  rather 
than  as  a  cure,  and  the  treatment  can  not  be  intelligently  applied  unles.^ 
the  microscopical  examinations  are  thorough  and  frequent  at  the  time 
of  year  the  trouble  is  to  be  expected. 

TBOUBLESOME  FOBMS  AND  THEIB  LDENTIFIGATION. 

The  bad  odors  and  tastes  due  to  the  presence  of  alg»  msLX  be  due 
either  to  a  definite  secretion  from  the  plant  or  to  its  decomposition. 
In  most  water  supplies  the  difficulty  is  first  evident  before  the  algie 
have  begun  to  die,  and,  although  the  objectionable  conditions  may  be 
augmented  by  subsequent  decay,  there  are  comparatively  few  alga- 
infested  reservoirs  in  which  the  disagreeable  effect  is  not  originally 
produced  by  the  living  algse.  The  effects  directly  produced  by  these 
plants  have  been  so  variously  described  that  it  is  difficult  to  arrange 
an}'  classification  which  will  enable  one  to  identify'  the  organisni  by  the 
odor  or  taste  produced.  In  general,  however,  it  may  be  said  that  the 
diatoms  cause  what  has  been  termed  an  '^aromatic"  odor,  although  if 
in  great  quantity  it  is  apt  to  be  nauseating  and  fishy.  Uroglena,  which 
in  this  country  usually  appears  during  the  winter  months,  is  the  form 
causing  the  most  characteristic  fishy  taste  and  odor.  Volvox  is  reported 
to  have  a  similar  effect.  There  are  also  certain  forms  closelv  related 
to  both  Uroglena  and  Volvox  which  at  times  may  produce  a  flavor 
suggestive  of  fish.  x 

During  the  summer  by  far  the  greatest  difficulty  in  water  supplies 
infested  with  algse  is  due  to  the  blue-greens,  or  Schizophyceae.  The 
odor  first  noticeable  has  been  described  as  grassy  or  moldy,  but  this 
usually  changes  as  decay  sets  in  to  a  pronounced  "pig-pen"'  odor, 
which  can  frequently  be  detected  for  a  considerable  distance  from  the 
reservoir.  Many  of  the  larger  grass-green  algse,  such  as  Cladophora, 
Conferva,  Spirogyra,  Hydrodictyon,  etc.,  cause  trouble  by  being 
present  in  such  quantities  as  to  produce  a  distinct  vegetable  odor  when 
the}'^  begin  to  disintegrate. 

As  man}"  of  the  algje  occurring  in  water  supplies  are  verj^  minute,  it 
is  often  necessary  to  resort  to  special  methods  to  collect  samples  for 
identification.  In  some  instances  it  is  sufficient  merely  to  allow  a  jar 
of  the  water  in  question  to  remain  undisturbed  for  a  few  hours, 
when  the  algie  will  have  settled  to  the  bottom,  and  it  will  be  possible 
with  the  aid  of  a  pipette  or  a  small  glass  tube  to  remove  a  sample  of  this 
deposit  to  the  glass  slide  for  examination.  If  the  organisms  are 
motile,  or  if  it  is  desired  to  estimate  their  number  per  cubic  centi- 
meter, the  method  described  as  the  Sedgwick-Rafter  method  is  the 
best  for  this  purpose.     The  numerous  requests  for  a  means  of  deter- 
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mining  quantitatively  the  algse  in  water  warrants  the  following  exten- 
sive quotation: 

THE     SEDGWICK-RAFTER    METHOD  OF    QUANTITATIVE    DETERMINATION.^ 

The  Sedgwick-Rafter  method  consists  of  the  following  processes:  The  filtration  of 
a  ineasared  quantity  of  the  sample  through  a  layer  of  sand  upon  which  the  organ- 
isms are  detained,  the  separation  of  the  organisms  from  the  sand  by  washing  with  a 
simall  measured  quantity  of  filtered  or  distilled  water  and  by  decanting,  the  micro- 
scopical examination  of  a  portion  of  the  decanted  fluid,  the  enumeration  of  the 
organisms  found  therein,  and  the  calculation  from  this  of  the  number  of  organisms 
in  the  sample  of  water  examined.  The  essential  parts  bf  the  apparatus  are  the  filter, 
tVie  decantation  tubes,  the  cell,  and  the  microscope  with  an  ocular  micrometer. 

The  filter. — The  sand  may  be  supported  upon  a  plug  of  rolled  wire  gauze  at  the 
bottom  of  an  ordinary  glass  funnel  7  or  8  inches  in  diameter,  but  the  cylindrical  fun- 
nel    *    *    *    is  preferable.     The  inside  diameter  of  this  funnel  at  the  top  is  2  inches, 
the  distance  from  the  top  to  the  beginning  of  the  slope  is  9  inches,  the  length  of  the 
slope  is  about  3  inches,  the  length  of  the  tube  of  small  bore  is  2 J  inches,  and  its 
inside  diameter  is  one-half  inch.     The  capacity  of  the  funnel  is  500  c.  c.    The  sup- 
port for  the  sand  consists  of  a  perforated  rubber  stopper  pressed  tightly  into  the 
stem  of  the  funnel  and  capped  with  a  circle  of  fine  silk  bolting  cloth.     The  circles  of 
bolting  cloth  may  be  cut  out  with  a  wad  cutter.     Their  diameter  should  be  a  little 
less  than  that  of  the  small  end  of  the  rubber  stopper.     When  moist,  the  cloth  readily 
adheres  to  the  stopper.     The  sand  resting  upon  the  platform  thus  prepared  should 
have  a  depth  of  at  least  three-fourths  of  an  ijich.     The  quality  of  the  sand  is  impor- 
tant.    Ordinary  sand  is  unsatisfactory  unless  very  thoroughly  washed.     Pure  ground 
quartz  is  preferable.     Its  whiteness  is  a  decided  advantage.     The  necessary  degree 
of  fineness  of  the  sand  depends  somewhat  upon  the  character  of  the  water  to  be  fil- 
tered.    A  sand  which  will  pass  through  a  sieve  having  60  meshes  to  an  inch,  but 
which  will  be  retained  by  a  sieve  having  120  meshes,  will  be  found  satisfactory  for 
most  samples.     Such  a  sand  is  described  as  a  60-120  sand.     When  very  minute 
organisms  are  present  a  finer  sand  must  be  used,  say,  a  60-140  sand.    The  sand  used 
for  many  years  by  the  author  had  the  following  composition: 


Size  of 
sand  grains. 

Percentage  i 
by  weight. 

40-  60 

60-  SO 

80-100 

100-120 

120-140 

20 
20 
38 
18           ' 

4           ' 

*****"**'"**"" 

100 

The  sample  to  be  filtered  may  be  measured  in  a  graduated  cylinder  or  flask,  or  the 
filter  funnel  itself  may  be  graduated.  The  graduated  filter  funnel  is  especially  useful 
for  field  work,  as  it  saves  the  necessity  of  carrying  an  additional  graduate.  The 
quantity  of  water  that  should  be  filtered  dejK^ndsupon  the  number  of  organisms  and 
the  amount  of  amorphous  matter  present.  An  inspection  of  the  sample  will  enable 
one  to  judge  the  proper  amount.  Ordinarily  1,000  c.  c.  for  a  ground  water  and  500 
c.  c.  for  a  surface  water  will  be  found  satisfactorv.  In  some  cases  250  c.  c.  or  even 
100  c.  c.  of  a  surface  water  will  be  found  more  convenient.  When  the  water  is 
poured  into  the  funnel,  care  should  be  taken  not  to  disturb  the  sand  more  than  is 
necessary,  otherwise  organisms  are  liabj^to  l)e  forced  through  the  filter.     The  best 
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plan  is  to  make  the  sand  compact  by  pouring  in  enough  distilled  water  to  just  aboat 
fill  the  neck  of  the  funnel  and  to  pour  in  the  measured  sample  before  the  sand  faic 
become  uncovered.  The  filtration  ordinarily  takes  place  in  about  half  an  hoar,  bat 
occasionally  a  sample  is  so  rich  in  organisms  and  amorphous  matter  that  the  filter 
becomes  clogged.  It  then  becomes  necessary  to  agitate  the  sand  with  a  glass  rod  or 
to  apply  a  suction  to  hasten  the  filtration.  If  the  filters  are  located  near  ranoing 
water  an  aspirator  may  be  attached  to  the  faucet  and  connected  w^ith  the  filter  by  a 
rubber  tube  having  a  glass  connection  that  fits  the  bore  of  the  rubber  stopper.  The 
use  of  the  aspirator  enables  the  filtration  to  be  made  in  a  few  minutes,  and  not  only 
effects  a  saving  in  time,  but  reduces  the  error  caused  by  the  organisms  settling  on 
the  sloping  surface  of  the  funnel. 

Concentration. — As  a  result  of  the  filtration  the  organisms  and  whatever  other  sus- 
pended matter  the  sample  contained  will  have  been  collected  on  the  sand.  Wb«i 
all  the  water  has  passed  through  and  before  the  sand  has  become  dry  the  rubber 
stopper  is  removed  and  the  sand  with  its  accumulated  organisms  is  washed  down 
into  a  wide  test  tube  by  a  measured  quantity  of  filtered  or  distilled  water  deliv»«d 
from  a  pipette  or  an  automatic  burette.  The  amount  of  water  used  for  washing 
depends  upon  the  number  of  organisms  collected  on  the  sand.  If  500  c.  c.  of  the 
sample  are  filtered  it  is  usually  best  to  wash  the  sand  with  5  c.  c,  thus  concentrating 
the  organisms  one  hundred  times.  The  amount  of  water  filtered  divided  by  the 
amount  of  water  used  in  washing  the  sand  gives  the  '* degree  of  concentration."  The 
degree  of  concentration  may  vary  from  10  to  500,  according  to  the  contents  of  the 
sample.     Ordinarily  it  should  be  50  or  100. 

By  shaking  the  test  tube  the  oi^ganisms  will  become  detached  from  the  sand  grains. 
If  this  is  followe<l  by  a  rapid  decantation  into  a  second  test  tube  most  of  the  organisms, 
being  lighter  than  the  sand,  will  pass  over  with  the  decanted  fluid,  while  the  sand 
is  left  upon  the  walls  of  the  first  tube.  To  insure  accuracy  the  sand  should  be  washed 
a  second  time  and  the  two  decanted  portions  mixed  together.  If,  for  example^  it  is 
desired  to  concentrate  a  sample  from  500  c.  c.  to  10  c.  c,  the  sand  should  be  washed 
twice  with  5  c.  c.  and  the  two  portions  poured  together.  This  will  give  a  more 
accurate  result  than  a  single  washing  with  10  c.  c. 

It  is  necessarv  to  allow  for  the  volume  of  the  sand  and  to  use  a  definite  amount  of 
sand  at  each  filtration.  The  60-120  sand  holds  about  50  per  cent  of  water,  and 
ordinarily  about  2  c.  c.  of  the  sand  are  used;  hence  an  allowance  of  1  c.  c  must  be 
made  for  the  w^ater  held  in  the  sand. 

The  cell. — The  cell  into  which  a  measured  portion  of  the  concentrated  fluid  is 
placed  for  examination  is  made  by  cementing  a  rectangular  brass  rim  to  an  ordinary 
glass  slip.  The  internal  dimensions  of  the  cell  are:  Length,  50  mm. ;  width,  20  mm., 
and  depth,  1  mm.  It  therefore  has  an  area  of  1,000  sq.  mm.  and  a  capacity  of  1  c.  c 
A  thick  cover  glass  (No.  3)  having  dimensions  equal  to  those  of  the  outside  of  the 
brass  rim  (55  mm.  by  25  mm. )  forms  a  roof  to  the  cell.  The  concentrated  oiiganisma 
in  the  decantation  tube  are  distributed  uniformly  through  the  fluid  by  blowing  into 
it  through  a  pipette,  and  1  cubic  centimeter  of  the  fluid  is  then  transferred  to  the 
cell  in  such  a  manner  as  to  distribute  the  organisms  evenly  over  the  entire  area- 
This  may  be  done  by  laying  the  cover  glass  diagonally  over  the  cell  so  that  an  open- 
ing is  left  at  either  end,  and  flowing  the  water  in  at  one  end  while  the  air  escapes  at 
the  other. 

The  ynicroscope. — An  expensive  microscope  is  not  needed  for  the  numerical  esti- 
mation of  the  common  microscopic  organisms  found  in  water.  A  simple,  compact 
stand  with  a  one-half  inch  objective  and  a  1-inch  ocular  is  sufficient.  For  study- 
ing the  organisms  in  detail  and  for  general  laboratory  use  in  the  study  of  water  a 
large  stand,  with  substage  condenser,  iris  diaphragm,  mechanical  stage,  etc.,  should 
be  provided.  The  list  of  objectives  should  include  a  2-inch,  a  one-half  inch,  a  one- 
fourth  or  one-sixth  inch,  and  a  one-twelfth  inch  homogeneous  immersion,  or  their 
equivalents,  and  there  should  be  several  oculars  magnifying  from  four  to  twelve  times. 
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riie  ocular  micrometer  consists  of  a  square  ruled  upon  a  thin  glass  disk,  which  is 
upon  the  diaphragm  of  the  ocular.  The  square  is  of  such  a  size  that  with  a 
combination  of  objective  and  ocular  and  with  a  certain  tube  length  of  the 
ioroscope,  the  area  covered  by  it  on  the  stage  is  just  1  square  millimeter.  For  con- 
nience  it  should  be  subdivided,  as  shown  in  fig.  6.    The  size  of  the  largest  square 

1  square  millimeter.  The  size  of  the  smallest  square  is  one  standard  unit.  The 
Lnciard  unit  is  represented  by  the  area  of  a  square  20  microns  on  a  side — i.  e.,  by  400 
ii£Lre  microns.  With  a  one-half-inch  objective  and  a  No.  3  ocular  the  square  ruled 
r  tHe  ocular  micrometer  should  be  7  mm.  on  a  side.  Before  using  the  micrometer 
e  I>rop)er  tube  length  must  be  ascertained  by  comparison  with  a  stage  micrometer. 
Et^umersiion. — ^The  cell,  filled  with  the  concentrated  fluid,  is  placed  upon  the  stage 

t  be  microscope  and  the  organisms  included  within  the  area  of  the  ruled  square  are 
»unted.     It  is  then  moved  so  that  another  portion  of  the  cell  comes  into  the  field 

view  and  another  square  is  counted.    This  is  continued  until  a  sufficient  number 

representative  squares  have  V)een  examined.  It  is  obviously  impracticable  to  count 
1  of  the  1,000  squares  which  compose  the  area  of  the  cell.  It  is  usually  sufficient 
►  oount  ten  or  twenty  squares,  but  a  larger  number  ought  to  be  scnitinized.  In 
hunting  the  organisms  it  should  be  remembered  that  some  are  heavy  and  sink  to 
le  lx>ttom,  while  others  are  light  and  rise  to  the  top.  The  observer  should  make  a 
ractice  of  changing  the  focus  of  the  microscope  so  that  both  the  upper  and  lower 
OT^ions  of  each  square  may  be  examined. 

From  the  number  of  organisms  found  in  the  ten  and  twenty  squares  it  is  an  easy  mat- 
&r  to  calculate  the  number  originally  present  in  1  cubic  centimeter  of  the  sample.     If 

represents  the  number  of  organisms  found  in  20  squares,  —  will  represent  the  number 

[>and  in  one  square,  and  50  t  (=s7xXl000)  will  represent  the  number  in  the  entire 

ell,  or  in  1  cubic  centimeter  of  the  concentrated  fluid.    This  divided  by  the  degree 
►f  concentration  wnll  give  the  number  of  organisms  in  1  c.  c.  of  the  sample. 

KEY  FOR  IDENTIFYING  ALGiE. 

The  following  short  ke}'  is  given  as  an  aid  to  those  who  have  not 
iccess  to  the  vohiminous  and  scattered  literature  on  algae,  in  the  hope 
ihat  by  this  means  forms  which  would  otherwise  remain  unidentified 
may  be  recognized  and  treatment  made  to  the  best  advantage. 

CONJUGATAE. 

Grass  or  yellow  green  algae  whose  cells  always  divide  in  the  same  direction  form- 
ing single  cells  or  united  into  unbranched  threads  or  filaments;  no  swarm  spores. 
Produces  zygospores,  and  occasionally  akinetes  and  aplanospores. 

Cell  almost  divided  into  two  symmetrical  halves  by  a  constriction  or  thinning  of 
the  cell  contents;  almost  always  with  double-layered  membrane.  Single,  or  occa- 
sionallv  united  into  threads A.  Desmidiaceae. 

mr 

Cells  cylindrical,  without  constriction.     United  into  threads B.  Zygnemaceae. 

A.    Desmidiaceae. 

(a)  Cells  with  only  slight  constriction. 

I.  Cells  lunate Closterium, 

(h)  Cells  with  pronounced  constriction. 
I.  Cells  twice  as  long  as  wide. 

1.  Contour  of  cells  3  to  5  pointed Stawrasirum. 

2.  Contour  of  cell  round  or  oval;  smooth. 

*  Cells  free Cosmarium, 

**  Cells  united  into  a  mass  of  jelly MicrcLsterias. 
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B.    Zygnemaceae. 

Two  axil  star-shaped  chromatophores  in  each  cell Zji^m^i 

One  or  more  peripheral  spiral  chromatophores *S5pw^'"t 

Chlorophyceae. 

Grass  or  yellow  green  algae,  single,  or  united  into  threads,  plates,  or  nwaw 
Form  true  spores,  swarm  spores,  akinetes,  and  aplanospores.  Constituting  alloftfe 
green  algae  not  included  in  the  Conjugateae. 

{A )  Cells  with  one  nucleus,  frequently  united  into  a  gelatinous  colony. 

(a)  Vegetative  state  actively  motile A.  Volvncacete. 

(6)  Vegetative  state  not  motile. 

I.  Vegetative  cell  division  for  increase  of  colonies;    without  ewvn 

spores B,  Pleurococcaceaft 

II.  Without  vegetative  cell  division,  cells  single C.  Protococcace^. 

III.  Cells  united  to  form  colonies  of  definite  form.D.  Hydrodictyaceae. 
(B)  Cells  with  one  or  many  nuclei  united  to  form  simple  or  branched  thretiis. 

or  rarely  one  or  more  layered  plates, 
(a)  Vegetative  cells  with  only  one  nucleus. 

I.  Thallus  of  one  or  more  layered  plate,  free  or  attached  at  base, 

E..Ulvic«ft 

II.  Thallus  consists  of  a  simple  or  branched  cell  series. 

1.  Unbranched  filaments F.  Ulothricaeete. 

2.  Branched  filaments G.  Chaetophoracea*. 

(6)  Vegetative  cells  with  many  nuclei,  simple  or  branched  filaments. 

I.  Spore  formation  by  union  of  swarming  gametes. 

Filaments  simple  or  branched,  with  base  and  p)oint  of  growlL 
Division  of  filaments  not  dorsi ventral H.  Cladophonwrese. 

A.  Volvocaceae. 

(A)  Cells  single. 

(a)  Cells  with  a  thin  white  covering  which  does  not  form  two  valves. 
I.  The  integument  thickened  on  one  side.    Cilia  arising  directly  from 
the  rounded  forward  end C9i(amiidom<mf* 

(B)  Cells  united  to  form  definite  colonies. 

(a)  Round  or  oval  colonies  in  a  gelatinous  envelope  with  cilia  projecting 
from  all  sides. 

I.  Colonies  of  16  cells Pondari^ 

II.  Colonies  of  32  cells Eudorim. 

III.  Colonies  of  very  many  cells  forming  a  large  sphere Tcrfmr. 

B.  Pleurococcaceae. 

{A )  Cells  neither  possessing  gelatinous  sheath  nor  embedded  in  jelly. 
(a)  Cells  single. 

I.  Cells  sickle-shaped  or  lunate Raphidivn. 

(6)  Cells  arranged  in  a  plane. 

I.  Colonies  arising  through  division  in  one  direction Sc^nedfmn*. 

D.  Hydrodictyaceae. 

{A)  Colonies  hollow  within. 

(a)  Cells  cylindrical,  long Hijdrodict^ 

E.  Ulvaceae  (marine). 

( A )  Thallus  membranaceous,  plate.     Consists  of  two  layers  of  cells nr>i 

{B)  Thallus  membranaceous,  tube  forming.     Cells  in  older  part  slightly  orttci 
at  all  arranged  in  definite  order Enteromorpha, 
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Tlothricaceae. 

(A)  Cross  walls  of  equal  thickness. 

(a)  Swarm-spores  present,  escaping  through  a  round  hole  in  the  cell  wall. 
I.  Filaments  long;  cells  all  alike Ulolhriv, 

(b)  Swarm-spores  escape  by  breaking  across  the  cell  wall.    Chromatophores 

consist  of  little  orbicular  plates. 

I.  The  filament  has  one  pedicle  and  numerous  cells Conferva, 

Chaetophoraceae. 

{A)  Thallus  not  epiphytic,  established  with  a  basal  cell  or  ground  cell,  seldom 
spherical  or  united  into  a  spherical  gelatinous  mass. 

(a)  A  clearly  defined  main  stem  present Drapamaldia, 

(6)  No  clearly  defined  main  stem  present. 

I.  Branches  ending  in  hair  points Stigeoclonium, 

{. .       Cladophoraceae. 

nrballus  consists  of  branched  filaments.    Branches  irregular  or  forming  a  radial 
iu.Tnp;  akinetes  absent Cladophora. 

SCHIZOPHYCEAE. 

-rl )  Plants  consisting  of  a  single  cell,  occiisionally  united  into  colonies  by  being 
embedded  in  a  gelatinous  matrix I.  Coccogoneae. 

S)  Plants  having  always  more  than  one  cell,  forming  simple  or  branched  fila- 
ments, which  may  or  may  not  be  inclosed  in  an  outer  gelatinous  layer  or 
sheath II.  Hormogoneae. 

(I)  Coccogoneae: 

(1)  Cells  free  or  only  slightly  held  together,  not  forming  a  definite  col- 

ony   Chroococcus. 

(2)  Cells  held  together  in  a  gelatinous  matrix  and  forming  colonies  of 

regular  outline. 

(a)  Colonies  at  first  solid,  several  row^s  of  cells  thick,  becoming  saccate 

and  perforated CUUhrocystis. 

(b)  Colonies  hollow,  cells  only  on  outer  surface Ccelosphaerium. 

(II)  Hormogoneae: 

(1)  Cells  generally  differentiated  into  three  kinds:  (1)  Vegetable  cells; 

(2)  spores;  and,  (3)  heterocysts.  The  latter  usually  are  of  different 
color,  clearer  contents,  and  with  thickenings  in  the  walls  adjoining 
the  vegetative  cells  or  spores (a)  Heterocysteae. 

(2)  Cells  in  each  filament  undifferentiated.     No  heterocysts. 

{b)  Homocysteae. 
(a)  Heterocysteae: 

+  Filaments  irregularly  interwoven  and  contorted,  inclosed  in  a 

definite  gelatinous  mass Nostoc, 

-\—\-  Filaments  free  or  but  slightly  united. 

0  Heterocysts  and  spores  intercalary. 

*  Filaments  free  or  united  in  formless  mass. .  .Anabaena, 
**  Filaments  densely  agglutinated  in  fascicles,  often  of 

considerable  size Aphanizomenon. 

00  Hetero<»y8ts  and  terminal  spores  contiguous. 

Cylindrospermnm. 
(6)  Homocysteae: 

-f  Filaments  simple,  with  an  evident  sheath Lyngbya. 

-\--\-  Filaments  simple,  sheath  wanting  or  very  slight,  plants  possess- 
ing a  characteristic  movement OsciUaioria. 
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METHOD  OF  APPLYINO  COPPEB  SULPHATE. 

Before  introducing  the  copper  sulphate  it  is  necessary  to  determine 
accurately  the  volume  of  water  to  be  treated.  This  is  imperative  m 
the  case  of  municipal  supplies  and  large  reservoirs,  as  an  error  in  the 
the  estimation  might  cause  considerable  inconvenience.  Many  <^»es 
will  arise,  however,  in  which  a  rough  computation  will  be  much  more 
convenient  and  entirely  practicable. 

The  method  considered  most  practicable  in  introducinsf  copper  ^• 
phate  into  a  water  supply  has  been  outlined  in  a  previous  publication.^ 
from  which  we  quote: 


Place  the  required  number  of  pounds  of  copper  sulphate  in  a  coarse  bag — giinnv  i 
or  some  equally  loose  mesh — and  attaching  this  to  the  stem  of  a  rowboat  near  the  gar 
face  of  the  water,  row  slowly  back  and  forth  over  the  reservoir,  on  each  trip  keepiiq 
the  boat  within  10  to  20  feet  of  the  previous  path.  In  this  manner  about  100  poan<id 
of  copper  sulphate  can  be  distributed  in  one  hour.  By  increasing  the  nomber  d 
boats  and,  in  the  case  of  very  deep  reservoirs,  hanging  two  or  three  bags  to  each  bDCi, 
the  treatment  of  even  a  large  reservoir  may  be  accomplished  in  from  four  to  ai 
hours.  It  is  necessary,  of  course,  to  reduce  as  much  as  possible  the  time  required  ict 
applying  the  copper,  so  that  for  immense  supplies  with  a  capacity  of  several  biUioG 
gallons  it  would  probably  be  desirabU  to  use  a  launch,  carrying  long  projecting  span 
to  which  could  be  attached  bags  each  containing  several  hundred  pounds  of  coppa 
sulphate. 

The  substitution  of  wire  netting  for  the  gunnj'-sack  ba^  allows  a 
more  rapid  solution  of  the  sulphate,  and  the  time  required  for  the  intro- 
duction of  the  salt  may  thus  be  considerably  reduced. 

The  temperature  lias  such  great  influence  on  the  effect  of  copper 
upon  polluting  forms  that  it  is  best  to  select  as  warm  a  day  for  treat- 
ing as  circumstances  will  permit. 

STEBILIZATION  OF  BAOTEKIA-POLLTTTED  WATEB  BY  MEANS  OF 

OOPPEB  SULPHATE. 

Treatment  with  copper  sulphate  is  an  effective  and  practicable 
means  of  sterilizing  water  polluted  with  certain  pathogenic  bacteria, 
and  as  an  emergency  method  is  applicable  to  both  household  and 
municipal  conditions.  It  should  prove  particularly  useful  in  very 
large  water  supplies  accidentally  or  suddenly  contaminated  with  typhoid 
bacilli  and  not  provided  with  any  adequate  means  of  purification. 
Under  such  circumstances  the  case  becomes  not  one  of  pure  water 
versus  water  containing  copper  sulphate,  but  of  sterile  water  contain- 
ing an  amount  of  copper  not  dangerous  to  health  versus  water  and 
typhoid  bacilli.  The  method  formerly  suggested  *  for  treating  a  res- 
ervoir would  undoubtedly  be  advisable  in  special  cases  of  unusually 
great  contamination  when  the  water  contained  an  abnormal  amount  of 

a  Bulletin  No.  64,  Bureau  of  Plant  Industry,,  p.  25.  '^Ibid.,  p.  33. 
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n-g«,nic  matter,  but  in  general  an  epidemic  could  be  controlled  and 
[viickly  eradicated  by  a  solution  much  weaker  than  the  1  to  100,000 
isted  as  necessary  for  complete  sterilization  within  twelve  hours. 
I>oe  to  2,000,000  is  sufficient  in  most  cases,  and  even  less  than  this 
|tia.ntity  of  copper  is  of  decided  benefit  in  certain  kinds  of  water. 

la^SOtTLIZATION  OF  THE  WATER  SUPPLIES  AT  00LX7MBTTS,  OHIO, 

AND  ALBTTaXTEBaUE,  N.  MEX. 

For  many  years  Columbus,  Ohio,  has  had  a  high  typhoid  rate,  and 
,lie  last  few  years  have  been  a  period  of  almost  continuous  epidemic, 
^f ter  some  correspondence  with  this  laboratory.  Dr.  McKendree 
Smith,  health  officer  of  the  cit}^  decided  that  copper  sulphate  offered 
i.  means  of  dealing  with  these  exceptionally  dangerous  conditions. 
tie  accordingly  treated  the  water  supply  and  has  recently  made  the 
following  significant  report: 

The  Scioto  River  furnishes  the  main  source  of  water  supply  to  the  city  of  Colum- 
bufs,  Ohio.    Under  ordinary  conditions  it  is  constantly  menaced  by  innumerable 
sources  of  pollution.    The  limestone  quarries,  situated  on  both  sides  of  the  stream 
and  extending  2  miles  along  the  banks,  employ  over  300  men,  many  of  whom  are 
housed  with  their  families  in  small  buildings  {"bout  the  quarries  on  the  extreme 
edg:e  of  the  river's  banks.     A  dozen  or  fifteen  small  houses,  in  which  large  Italian 
families  live,  are  located  in  and  about  the  old  State  quarries,  which  are  also 
within  a  few  feet  of  the  river  bank.    A  number  of  villages  nestle  dangerously  near 
the  river.    The  girls'  industrial  home  (an  institution  caring  for  about  800)  discharges 
its  sewage  directly  into  the  river  about  18  miles  above  the  intake.    Many  small 
tributaries  carry  their  share  of  pollution  into  the  stream.    These  constitute  the  ordi- 
nary and  always  present  dangers  to  the  city's  water  supply.     Recently,  however, 
other  grave  dangers  were  added.    During  the  past  eight  or  ten  months  about  200 
men,  living  in  tents  and  temporary  huts,  employed  in  constructing  a  storage  dam, 
clearing  the  river  banks  of  trees  and  undergrowth,  and  in  building  the  C,  U.  and  W. 
traction  line,  by  their  presence  and  the  manner  in  which  they  were  compelled  to 
live,  increased  to  no  inconsiderable  degree  the  already  too  great  dangers. 

To  successfully  police  such  a  water  supply  is  impossible,  and  as  a  temporary  expe- 
dient, pending  the  completion  of  the  purification  plant,  I  resorted  to  the  use  of  cop- 
per sulphate  to  keep  the  water  supply  free  from  disease-producing  micro-organisms. 
My  aim  at  first  was  to  treat  polluted  tributaries  and  stagnant  pools,  which  would 
drain  into  the  river  at  the  first  rainfall,  so  as  to  render  them  harmless.  The  still 
water  in  deep  pools,  which  upon  analysis  showed  pollution,  was  also  treated  and  at 
intervals,  when  the  water  in  that  part  of  the  stream  from  which  the  city's  supply 
was  taken  showed  pollution,  the  treatment  was  applied  directly  to  the  water  at  the 
intake.  At  no  time  as  the  water  enters  the  intake  was  it  subjected  to  a  treatment 
stronger  than  1  part  in  1,500,000.  By  carefully  testing  and  treating  the  water  of 
polluted  tributaries  and  stagnant  pools,  it  was  seldem  necessary  to  treat  the  river 
directly. 

Previously  to  the  treatment  of  the  water  with  copper  sulphate  only  upon  rare 
occasions  was  the  water  free  from  colon  bacilli,  but  after  the  treatment  was  begun, 
from  the  19th  day  of  August  to  the  30th  day  of  December,  daily  tests  showed  that 
the  w^ater  was  free  of  colon  bacilli.  During  the  heavy  rainfall  in  the  latter  part  of 
December,  samples  were  taken  from  the  hydrant  tap  at  regular  intervals  of  two 
houra  both  day  and  night.    Notwithstanding  the  months  of  dry  weather  which  pre- 
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(•eded  the  rainfall,  the  colon  bacilli  were  present  for  a  period  not  longer  than  axtees 
hours. 

The  treatment,  which  was  begun  and  continued  without  the  knowledge  of  the  city 
authoritie^i,  was  onlered  stopped  on  January  5, 1905,  after  the  daily  papers  published 
glaring  accounts^  of  the  dangers^  attendant  upon  such  trea'ment.  To  allay  the  fear^ 
of  the  people,  five  employees  of  the  health  department  took  daily  for  thirty  days 
three-tenths  of  a  grain  of  copper  sulphate  without  any  signs  of  discomfort  i* 
symptoms  whatever. 

During  the  month  of  August  there  were  reported  to  the  health  office  52  cases  cf 
typhoid  fever;  September,  16  cases;  October,  16  cases;  November,  8  cases;  Decem- 
ber, 17  cases,  only  4  of  which  used  city  water;  January,  1905,  91  cases;  Febmary, 
376  cases. 

In  January,  1905,  not  until  the  14th  was  a  single  case  reported  that  could  be 
attributed  to  the  use  of  the  city  water.  On  that  day  3  were  reported;  on  the  16th. 
3;  on  the  18th,  3;  on  the  20th,  1;  on  the  21st,  3;  on  the  23d,  3;  on  the  24lh,  14. 
From  this  date  on  the  cases  have  averaged  over  10  each  day.  No  copper  sulphate 
has  been  used  since  January  5,  1905. 

The  following  tabulation  of  the  data  contained  in  the  above  report 
will  perhaps  show  the  results  of  the  work  more  olearlj: 

Statement  of  typhoid  cases  reported  in  Columbus^  Ohio,  showing  relation  to  use  and  nonttse 

of  copper  in  the  uxiter  supjdy. 


I 


Month. 


No  copper  used 

Do 

Copper  used  after  19th 

Coi>per  used 

Do 

Copper  discontinued  after  5(h 
No  copper  used 

Do 


'  Typboid 

I  «Tasis  re- 
I    i^irted. 


June 

July 

Au|ru5t , 

September 

October 

November ' 

December 

January ' 

Febrtiary 

To  March  27 


2t 
33 

16 

91 
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a  17  cases  were  reported,  but  only  4  were  users  of  city  water. 

In  connection  with  the  results  obtained  at  Columbus  should  be 
mentioned  the  treatment  of  the  water  supplj^  at  Albuquerque,  N.  Mex. 
This  was  reported  upon  by  John  Weinzirl,  city  chemist,  as  follows?: 

I  desire  to  inform  you  that  we  used  your  copper  sulphate  treatment  in  the  reser- 
voir of  our  city  water  supply  this  summer  with  good  results.  This  re8er\-oir  wa? 
full  of  algae,  and  the  water-supply  company  could  not  clearit  beforecertain  impro\-e- 
ments  in  their  plant  were  installed.  The  flavor  of  the  water  was  rank;  but  two 
treatments  made  a  great  improvement,  though  the  water  was  rendered  cloudy  by 
the  partly  decomposed  organisms.  We  applied  the  treatment  late  in  July  and  in 
Augupt.  During  October  we  had  a  small  epidemic  of  typhoid,  perhaps  50  casee;  the 
water  supply  was  again  treated  with  copper  sulphate,  and  within  three  weeks  the 
epidemic  ended. 

I  might  add  that  during  the  first  treatment  the  bacterial  content  of  the  water  fell 
to  one-fourth  the  original  number. 

STERILIZATION  OF  WATER  BY  MEANS  OF  HETAIXIC  COPPEB. 

The  effect  of  metallic  copper  upon  Bdcillus  typhi  in  water  is  of 
con^^iderable  importance.  For  small  amounts  of  water  it  has  been 
found  convenient  and  desirable  in  man}-  cases  to  guard  against  bacterial 
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:M>Dtamination  by  employing  copper  tanks,  and  where  frequent  boiling 
saxi  not  be  resorted  to  the  use  of  copper  may  be  regarded  as  the  only 
possible  safeguard.  In  some  cases  this  may  not  be  absolute,  for  our 
experiments  upon  water  from  various  places  and  the  experiments  of 
other  investigators  show  that  the  chemical  constitution  of  the  water 
uoder  consideration  is  of  the  greatest  importance.  Water  that  con- 
tains a  very  large  amount  of  matter  in  suspension  is  perhaps  the  most 
liifiScult  to  sterilize.  Under  these  conditions  twenty-four  to  forty-eight 
hours  at  room  temperature  would  probably  be  necessary  for  complete 
sterilization  through  the  agency  of  metallic  copper  tanks;  on  the  other 
h&nd,  metallic  copper  in  water  containing  a  large  ainount  of  organic 
acid,  or  free  acid  of  any  sort,  would  destroy  all  typhoid  bacilli  in  two  or 
three  hours  at  the  most.  Complete  sterilization  is  a  standard  to  which 
even  the  best  filters  seldom  attain,  and  under  the  most  unfavorable 
<M>nditions  the  reduction  in  the  number  of  bacteria  in  water  exposed  to 
the  action  of  metallic  copper  for  twelve  hours  will  be  approximately 
as  great  as  in  a  filtered  water.  The  copper  must  be  kept  clean,  not,  as 
is  popularl}'  supposed,  to  protect  the  consumer  from  copper  poisoning, 
but  because  it  is  possible  for  the  metal  to  become  so  coated  with 
foreign  substances  that  there  is  no  longer  any  contact  of  copper  and 
i?eater,  and  hence  no  antiseptic  action. 

An  interesting  corroborative  fact  is  the  antiseptic  property  of  cop- 
per  coins.  Lately  considerable  work  has  been  done  on  this  problem 
by  the  department  of  health  of  the  city  of  New  York,^'  and,  as  was 
to  be  expected,  it  was  found  that  copper  and  nickel  coins  smeared  with 
cultures  of  pathogenic  bacteria,  such  as  Bacillus  diphtherlae^  were  com- 
pletely sterile  in  a  few  hours,  and  that  the  same  was  true  to  a  less 
degree  of  silver  coins. 

In  a  recent  article.  Dr.  Henry  Kraemer  reviews  the  applicability  of 
the  germicidal  power  of  copper  to  drinking  water,  and  his  results  with 
the  Philadelphia  water  show  that  standing  four  hours  in  the  presence 
of  copper  foil  completely  destroyed  both  Bacillus  typhi  and  Bacillus 
coll. 

Doctor  Kraemer's  conclusions  are  quoted  below:* 

In  filtration  processes  it  is  generally  understood  that  both  typhoid  and  colon 
on^anisms  are  the  first  to  be  eliminate<l,  and  without  waiting  to  make  a  systematic 
study  of  the  organisms  which  persist  as  well  as  those  which  are  killed  in  the  copper 
treatment  of  water,  I  thought  it  well  to  test  the  method  by  using  water  containing 
these  organisms  alone.  !^s  results  depend  in  some  measure  upon  the  method  used, 
I  will  try  to  outline  my  method  before  giving  my  results. 

1.  Water  under  three  different  conditions  was  employed:  (a)  Distilled  water  which 
was  prepared  from  tap  water  by  first  treating  it  with  potassium  permanganate  and 
then  distilling  it  two  or  three  times  by  means  of  apparatus  constructed  entirely  of 


o  Report  of  Dr.  Wm.  H.  Park,  March  1,  1904. 

J^  Henry  Kraemer,  *'The  Efficiency  of  Copper  Foil  in  Destroying  Typhoid  and 
Colon  Bacilli  in  Water,"  American  Medicine,  February  18,  1905,  Vol.  IX,  No.  7, 
p.  275. 
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glass;  (b)  filtered  tap  water,  prepared  by  means  of  a  Berkefeld  filter  attached  to  i 
copper  spigot;  (c)  tap  water,  collected  after  being  allowed  to  ran  through  a  copper 
spigot  for  five  minutes.  All  of  these  were  sterilized  in  an  autoclave  at  110^  for  thirtr 
minutes. 

2.  The  cultures  of  typhoid  and  colon  which  were  used  were  pure  cultures  devekq««i 
in  bouillon  for  eighteen  hours  to  twenty-four  hours. 

I  may  say  that  every  single  experiment  which  we  have  conducted  *  *  ♦  shoT« 
that  copper  foil  is  exceeding  toxic  to  colon  and  typhoid  bacilli,  particularly  the 
latter. 

It  will  be  seen  by  consulting  the  tables  tliat  in  the  filtered  water,  to  which  no  cop- 
per foil  had  been  added,  the  typhoid  organisms  did  not  grow  and  multiply  as  ve 
the  case  with  the  tap  water  and  distilled  water,  although  there  was  a  laiger  number 
of  organisms  to  begin  with.  This  also  applies  in  a  measure  to  the  colon  badlH,  with 
which  there  is  a  very  marked  inhibiting  action  in  those  growing  in  the  filtered 
water. 

At  first  I  was  inclined  to  attribute  this  diminution  in  the  number  of  the  OTgainsns 
to  minute  traces  of  copper  in  the  flasks,  but  subsequent  experiments  showed  that 
this  w^as  not  the  case.  I  am,  therefore,  inclined  to  attribute  these  rather  anomaloos 
results  to  the  presence  of  extremely  small  quantities  of  copper  dissolved  by  the  water 
in  its  necessarily  slow  passage  through  the  copper  spigot  to  which  the  filter  vas 
attached.  This  is  a  phase  of  the  problem  to  which  I  am  devoting  my  attention  at 
present,  as  it  certainly  opens  up  an  interesting  side  of  this  subject. 

Even  granting  the  efficiency  of  the  boiling  of  water  for  domestic  purposes,  I  believe 
that  the  copper-treated  water  is  more  natural  and  more  healthful,  inasmuch  as  the 
various  inorganic  constituents,  particularly  the  salts  of  calcium  and  magnesium,  are 
in  a  more  soluble  and  assimilable  condition,  being  furthermore  less  concentrated,  at 
the  same  time  the  natural  gases  of  the  water  being  retained. 

From  the  experiments  thus  far  conducted  the  following  conclusions  may  be  drawn: 

1.  The  intestinal  bacteria,  like  colon  and  typhoid,  are  completely  destroyed  by 
placing  clean  copper  foil  in  the  water  containing  them. 

2.  The  effects  of  colloidal  copper  and  copper  sulphate  in  the  purification  of  drinking 
water  are  in  a  quantitative  sense  much  like  those  of  filtration,  only  the  oi^gani^ms 
are  completely  destroyed. 

3.  Pending  the  introduction  of  the  copper  treatment  of  water  on  a  large  scale  the 
householder  may  avail  himself  of  a  method  for  the  purification  of  drinking  water  hy 
the  use  of  strips  of  copper  foil  about  3^  inches  square  to  each^uart  of  w^ter,  this 
being  allowed  to  stand  over  night,  or  from  six  to  eight  hours,  at  the  ordinary  tem- 
perature, and  then  the  water  drawn  off  or  the  copper  foil  removed. 

Doctor  Pennington,  of  Philadelphia,  has  reported*"  results  of  the 
board  of  health  laboratory,  showing  complete  sterilization  of  infected 
tap  water  within  fifteen  minutes  by  means  of  copper  foil. 

Rideal  and  Baines*  have  carried  on  some  experiments  concerning 
the  gennicidal  effect  of  copper.  Evidently  they  added  too  much  of 
the  culture  to  be  tested  to  the  treated  water.  The  high  concentra- 
tions required  according  to  their  tables  to  produce  complete  sterility 
can  be  explained  onl}^  by  the  presence  of  considerable  amounts  of 
albuminoid  matter,  and  under  these  circumstances  the  condition  is 
comparable  to  sterilizing  sewage  rather  than  sterilizing  drinking  water. 

« At  a  meeting  of  the  Washington  Academy  of  Sciences,  January,  1905. 

'>S.  Rideal  and  E.  Baines.  The  Suggested  Use  of  Copper  Drinking  Vessels  as  a 
Prophylactic  against  Waterbome  Typhoid.  Journal  of  the  Sanitar>'  Institate, 
XXV,  1904. 


COPPEB  SUPPLEMENTIITG^  THE    USE   OF  FILTERS.  4.^ 

beir  experiments  with  metallic  copper,  though  too  few  to  be  them- 
Ives  at  all  conclusive,  are  entirely  in  accord  with  the  results  of  the 
aboratory  of  Plant  Physiology  as  formerly  published. 

COPPEB  IK  THE  DISPOSAL  OF  SEWAGE. 

In  connection  with  the  sterilization  of  water  by  means  of  copper 
le  possibility  of  using  this  metal  in  the  sanitary  disposal  of  sewage 
lould  be  mentioned.  This  is  well  described  by  Rideal,*"  from  whom 
'e  quote: 

The  soluble  salts  of  copper  have  a  distinctly  poisonous  action  on  bacteria.  They 
yatgiilsLte  albumen  and  combine  with  most  of  the  organic  acids  present  to  form  non- 
atrescible  salts.  They  absorb  sulphureted  hydrogen,  ammonia,  and  compound 
(nmoniafl,  and  therefore  combine  with  "ptomaines."  In  fact,  copper  salts  rank 
ext  to  mercury  in  power  as  antiseptics. 

Kroncke^  contended  that,  for  sewage  treatment,  compounds  having  a  great  affinity 
yr  sulphur  should  yield  the  best  results.  He  has  experimented  with  cuprous  chlo- 
ide  as  being  a  salt  which  fulfills  this  condition,  is  readily  prepared,  very  easily 
encioved  from  solutions,  and  becomes  much  less  poisonous  when  oxidized.  He  used 
he  following  method  for  the  purification  of  water:  Cuprous  chlorid  amounting  to 
ine  twenty-thousandth  of  the  liquid  to  be  treated,  and  ferrous  sulphate  (as  far  as  poesi- 
)le  free  from  ferric)  to  the  extent  of  one  fifty-thousandth,  are  mixed  with  the  water. 
Ifter  six  hours  one  one  hundred-thousandth  part  of  lime  is  added,  and  agitated  for 
>ne  hour.  After  settling  for  one  and  a  half  hours,  and  filtration  through  sand,  the 
water,  which  originally  contained  40,000  to  50,000  organisms  per  cubic  centimeter, 
Mras  found  to  be  completely  sterilized,  clear,  almost  colorless,  and  free  from  iron  and 
copper.  The  sand  filter  can  be  used  a  long  time  without  cleansing.  Schumburg  c 
reports  that  a  water  treated  with  cuprous  chlorid  solution  and  then  with  lime  was 
free  frona  germs  after  six  hours. 

COPPEB  SXTPPI^EMENTINO  THE  USE  OF  FILTEB8. 

It  appears  from  the  examination  of  a  considerable  number  of  filters 
in  this  country  that  the  officials  in  charge  of  municipal  waterworks 
are  not  justified  in  assuming  that  filtration  is  the  absolute  guarantee 
against  a  disease-laden  water  that  it  is  popularly  supposed  to  be. 
The  number  of  unavoidable  accidents  which  are  known  to  occur  in 
properly  managed  filters,  to  say  nothing  of  the  willful  and  some- 
times criminal  methods  resorted  to  in  order  to  bring  the  supply  of 
water  up  to  the  daily  demand,  are  factors  which  are  not  generally 
considered  by  the  public.  The  mere  fact  that  filters  are  installed 
seems  to  warrant  neglect  of  the  source  of  the  water,  and  as  a  mistake 
or  an  accident  usually  can  not  be  detected  by  the  public  until  the 
death  rate  increases  markedly,  filtration  as  administered  in  a  consid- 
ei'able  number  of  cases  has  resulted  in  a  condition  more  dangerous 

''Rideal.    Disinfection  and  the  Preservation  of  Food,  New  York,  1903;  pp.  156, 157. 
*Jour.  fur  Gasbeleucht,  XXXVI,  513. 
«Chem.  Centr,,  1900,  II,  203. 
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than  if  no  filter  existed.  The  sooner  that  it  becomes  generallj  knowi 
that  any  sort  of  filtration  is  a  most  delicate  process,  depending  npoa 
skilled  manipulation  for  maximum  efficiency,  the  better  it  will  be  botfc 
for  filtration  and  the  consumer  of  water.  That  it  is  not  an  unheard 
of  practice  to  force  considerably  larger  quantities  of  water  throc^  t 
sand  filter  than  it  can  possibly  free  from  disease  germs  (even  resort- 
ing to  spading  over  the  sand  to  hasten  the  flow)  ought  to  be  understood 
by  all  those  using  such  water.  The  direct  pumping  of  polluted  riv» 
water  into  the  filtered  water  for  the  purpose  of  making  up  the  daily 
supply  has  been  resorted  to,  and  the  occurrence  of  breaks  in  ston^ 
basins,  conduits,  etc.,  has  more  than  once  afforded  opportunities fw 
the  dangerous  contamination  of  the  filtered  water. 

At  the  present  time  the  only  known  method  of  immediately  render- 
ing a  contaminated  water  supply  safe  and  keepingit  so  until  the  souic« 
of  pollution  is  removed  seems  to  be  the  use  of  copper.  This  treatmeaS 
is  not  designed  to  supplant  efficient  filtration,  however,  and  sboiiU 
never  be  expected  to  take  its  place.  The  use  of  copper  for  renK>vincf  i 
temporary  contamination  is  necessarily  a  remedy  and  should  be  used  as 
such.  As  much  care  is  demanded  of  the  sanitary  engineer  or  biologic 
in  determining  the  necessity  for  treatment  and  the  proper  quantity  to 
be  used  as  is  demanded  of  a  doctor  in  determining  the  dose  for  a  sidr 
person.  A  pure  water  should  not  be  treated,  just  as  a  well  person 
should  not  take  medicine. 

The  existing  methods  of  sewage  disposal  and  water  purification  ai« 
particularly  unfortunate.  To  deliberately  contaminate  a  water  and 
then  try  to  purify  it  seems  ridiculous,  yet  this  is  precisely  what  is 
now  being  done  in  a  number  of  communities.  The  ultimate  solatioe 
of  the  problem  of  water  supply  must  depend  upon  proper  sewage 
disposal  as  well  as  the  proper  care  and  policing  of  the  watersheds 
and  wells.  Until  this  revolution  of  methods  shall  have  taken  place, 
the  makeshifts — filtration,  and  treating  with  copper — are  the  only 
remedies  applicable  on  a  large  scale. 

COPPEB  TBEATMENT  AND  FILTRATION  AT  ANBEBSON,  DTI). 

By  the  invitation  of  Mr.  C.  Arthur  Brown,  sanitary  engineer  of  the 
American  Steel  and  Wire  Company,  acting  at  the  time  as  the  repre- 
sentative of  the  Jewel  Filtration  Company,  and  through  the  courtesy 
of  the  officials  of  Anderson,  Ind.,  the  Laboratory  of  Plant  Physiology 
was  enabled  to  undertake  a  series  of  experiments  upon  the  effect  of 
copper  treatment  of  water  in  connection  with  mechanical  filtration. 
The  filter  plant  had  been  recently  completed,  and  these  experiments 
were  carried  on  at  the  time  of  the  preliminary  testing  of  the  efficiency 
of  the  filters.**    The  water  supply  at  Anderson,  Ind.,  offered  excep- 

«  Professor  Burrage,  professor  of  sanitary  science  at  Purdue  University,  wasretaiDed 
by  the  city  of  Anderson  as  its  representative,  as  well  as  Dr.  S.  C.  Norris,  city  chemist 
and  bacteriologist.    Mr.  Brown  acted  as  the  representative  of  the  filtration  company. 


TREATMENT   AND   FTLTBATION   AT  ANDEBSON,   IND.  45 

onal  opportunities  for  demonstrating  the  efficiency  of  copper  in 
amoving  intestinal  bacteria.  The  water  is  drawn  from  the  White 
^ver,  into  which  the  city  of  Muncie  empties  its  entire  sewage. 
"here  are  no  falls  or  rapids  in  the  25  miles  separating  these  two 
ities,  and  during  the  entire  four  weeks  of  the  test  conducted  on  the 
se  of  copper  in  connection  with  filtration  the  river  was  icebound, 
laking  a  closed  conduit  for  the  diluted  sewage  from  Muncie  and  the 
mailer  towns  still  farther  up  the  river.  The  water  was  very  high  in 
Ibuiuinoid  and  free  ammonia,  and  exceptionally  high  in  chlorin,  due 

0  the  salt  water  from  the  gas  field  above  Muncie.  The  turbidity  was 
ery  low  and  the  color  slight.  Fortunately  for  the  thorough  testing 
>f  the  value  of  copper,  the  filters,  owing  to  some  structural  defects, 
vere  unable  to  effect  a  high  percentage  reduction  of  bacteria  at  this 
ime.  The  number  of  bacteria  in  the  river  ranged  from  13,000  to 
.55,000  per  cubic  centimeter  at  irregular  intervals  during  the  four 
ireeks'  test,  usually  remaining  above  50,000.  The  number  of  bacteria 
n  the  filtered  water  varied  between  15,000  and  400  per  cubic  centi- 
neter,  usually  remaining  above  3,000. 

Pot  ten  days,  February  2-11, 1904,  alum  was  used  as  a  coagulant,  but 
for  water  of  this  character  it  seemed  impossible  to  get  a  proper  coagu- 
lation with  1,  2,  or  3  grains  of  alum  per  gallon,  either  with  or  without 
the  addition  of  lime.  Bacillus  coli  was  always  present  in  the  river 
water  and  usually  in  the  filtered  water,  and  was  identified  by  gas  forma- 
tion, reduction  of  neutral  red,  proportion  of  carbon  dioxid,  growth 
DO  milk,  potato,  gelatin,  litmus  agar,  and  formation  of  indol.  On 
February  11,  instead  of  aluminum  sulphate,  iron  sulphate  containing 

1  per  cent  of  copper  sulphate  was  introduced  in  quantities  of  li  grains 
per  gallon  of  water.**  Lime  was  added,  2  grains  per  gallon.  The  treat- 
ment was  continued  four  days,  and  during  that  time  only  once  was  there 
any  indication  of  the  presence  of  B,  coli  in  f  ei*mentation  tubes  inocu- 
lated with  1  c.  c.  samples  of  filtered  water,  and  this  occurred  immedi- 
ately after  a  leak  developed  in  the  air  pipe  of  the  washing  system  that 
allowed  unfiltered  water  to  pass  into  the  pipes.  On  the  15th  of  Febru- 
ary, the  amount  of  iron  sulphate  containing  1  per  cent  of  copper  sul- 
phate was  raised  to  4i  gmins  per  gallon.  This  quantity  was  found  to 
be  too  great,  and  at  midnight  the  amount  of  the  coagulant  was  reduced 
to  2i  grains.*  The  valve  controlling  the  iron  solution  caught  on  this 
change  and  for  nearly  an  hour  no  iron  or  copper  was  applied  to  the  raw 
water.  This  allowed  polluted  water  to  reach  the  clear  well,  and  at  the 
next  washing  the  filters  were  again  contaminated,  and  samples  from 
two  of  them  developed  typical  Bacillus  coli.    The  following  five  da^^s 

a  0.015  grain  copper  sulphate  per  gallon — ^approximately  1  part  of  copper  sulphate 
to  4,000,000  parts  of  water. 

^  0.0225  grain  copper  sulphate  per  gallon — ^approximately  1  part  of  copper  sulphate 
to  2,500,000  parts  of  water. 
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B,  coli  developed  but  once,  and  this  was  immediately  following  the 
reappearance  of  the  leak  in  the  air  pipe. 

Iron  sulphate  containing  one-half  per  cent  copper  sulphate  w«b  nov 
applied  at  the  rate  of  1.5  grains^  per  gallon;  BaciUtts  coli  was  elimi- 
nated during  the  two  days  that  this  mixture  was  used.  Iron  sulphate 
containing  only  one- fourth  per  cent  copper  sulphate  ^  was  substituted 
during  one  day.  This  amount  was  insufficient  to  eradicate  completely 
the  B,  coli^  and  two  of  the  filter  samples  contained  this  organism. 

Pure  iron  sulphate  was  then  used  at  the  rate  of  3  grains  per  gallon, 
and  Bacillus  coli  developed  from  samples  of  each  filter.  Iron  sulphate 
containing  1  per  cent  copper  sulphate  was  substituted  for  the  greater 
part  of  the  pure  iron  salt,  and  in  the  following  samples  no  B.  coU 
developed  in  the  filtered  water. 

From  the  preceding  experiments  there  seems  to  be  no  doubt  that 
the  filtering  of  polluted  water  of  this  character  through  the  layer  of 
coagulum  of  iron  and  copper  which  forms  on  the  filter  bed  brings  the 
bacteria  borne  in  the  water  into  contact  with  the  precipitated  copper 
for  a  sufficient  length  of  time  to  destroy  BaciUvs  coliy  and  as  BaciUuB 
typhi  is  still  more  sensitive  to  the  action  of  copper  it  too  must  neces- 
sarily be  removed  from  the  filtered  water. 

The  last  samples  of  the  test  have  been  omitted  from  previous  dis- 
cussion, as  the  point  illustrated  by  them  is  of  an  entirely  separate 
character.  Shortly  before  these  samples  were  taken,  ten  gallons  of  a 
bouillon  culture  of  Bacillus  prodigiosus  were  introduced  into  the  feed 
pipe  of  the  filters,  and  the  following  and  last  samples  all  showed 
BaciUvs  coli  present.  This  emphasizes  the  fact  brought  out  in  a  for- 
mer bulletin^  that  the  toxicity  of  copper  sulphate  is  greatly  reduced 
if  the  amount  of  organic  and  albuminoid  matter  is  greatly  increased. 
A  proper  comprehension  of  the  cx)nstitution  of  a  water  is  therefore 
necessary  for  successfully  treating  to  remove  bacteria,  just  as  it  is 
desirable  for  treating  to  remove  algse. 

It  should  be  reiterated  that  the  results  of  investigators  with  refer- 
ence to  the  germicidal  action  of  copper  in  bouillon,  milk,  or  solid 
media  are  not  compamble  to  results  upon  the  toxic  action  of  copper 
in  water  of  ordinary  purity.  Nor  can  results  obtained  with  unknown 
organisms,  nor  results  obtained  with  Bacillus  anthracis^  BadUm 
tetanus^  and  such  spore-forming  resistant  bacteria  be  compared  with 
results  obtained  with  Bacillus  typhi  and  Microspira  comma. 

One  of  the  objections  to  the  use  of  copper  sulphate  in  water  sup- 
plies has  been  that  there  was  a  chance  of  appreciable  amounts  of 

fl  0.0076  grain  copper  sulphate  per  gallon— approximately  1  part  of  copper  salphate 
to  8,000,000  parts  of  water. 

^0.00375  grain  copper  sulphate  per  gallon — ^approximately  1  part  of  copper  sulphate 
to  15,000,000  parts  of  water. 

<?  Bulletin  No.  64,  Bureau  of  Plant  Industry,  p.  29. 
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opper  reaching  the  consumer.  Considering  the  harmlessness  of 
opp»er,  this  is  a  theoretical  rather  than  a  practical  objection,  and  is 
jis^wered  in  the  present  instance.  The  copper  is  all  precipitated  and 
he  insoluble  coagulum  of  iron  and  copper  is  caught  upon  the  filters. 

Fftbie  shovoing  the  presence  or  absence  of  Bacillus  colt  per  cubic  cenlimeter  in  samples  from 

various  sources  at  Anderson^  Ind, 


Cbemicala  applied  (in  grains  per  gallon)  and  time  of 

sampling. 


L  ^rain  alum: 

February  2 

February  3 

t  grains  alum:  February  4,  a.  m. 
t  grains  alum: 

Februarj'  4,  p.  m 

Februarys It'm" 

February  6  "*•  ™ 


February  7 

Februarys 

February  9,  a.  m. 


2sTain8a1um: 

February  9,  p.  m 

February  10,  a.  m 

1|  grains  alum.  2  grains  lime: 

February  10,  p.  m 

February  11,  a.  m 

U  grains  iron  sulphate,  0.015  grain  copper  sulphate,  2 
grains  lime: 

February  11,  p.  m 

February  12,  a.  m 

11  grains  iron  sulphate,  0.015  grain  copper  sulphate,  U 
grains  lime: 

February  12,  p.  m 

February  13 {*•  JJ;; 

February  14,  p.  m 

February  15 {I'^y 

2i  grains  iron  sulphate,  0.0225  grain  copper  sulphate,  U, 
1,  and  I  grains  lime:  f> 

February  16 ^(J;  ^ 

a.  m. 
p.  m 

February  18,  p.  m 

1  grain  iron  sulphate,  0.0075  grain  copper  sulphate. },  and 
1  grain  lime: 

February  19. jj;";; 

February  20 {«;S;; 

1  grain  Iron  sulphate,  0.00875  grain  copper  sulphate,  1  grain 
lime: 

re^«^rf2i {«S:: 

3  grains  iron  sulphate,  1  grain  lime: 

February  22 {S;^;; 

3  grains  iron  sulphate,  0.03  grain  copper  sulphate:  Febru- 
ary 28,  a.  m 


February  17. 


oThe  presence  of  Barillus  coli  in  filter  No.  8  on  February  12  and  16  is  due  to  a  leak  which  devel- 
oped in  the  air  wash  pipe,  allowing  unfiltored  water  to  pa.ss  into  the  pipes. 

<>The  amount  of  iron  sulphate  was  raised  to  ik  grains  at  6  p.  m.  on  Februar>'  15,  but  this  was  too 
much  for  the  filters  to  accommodate,  and  at  midnight  the  amount  was  reduced  to  2i  grains;  at  this 
time  the  valve  stuck  and  for  some  time  no  iron  or  copper  was  introduced  into  the  water.  This 
allowed  contaminated  water  to  |>ass  the  filters,  and  at  the  next  washing  the  contaminated  water 
from  the  clear  well  again  contaminated  the  filters,  and  near  enough  the  time  of  sampling  to  show 
BaciUw  coli  in  two  of  the  samples. 
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OBJECTIONS  TO  THE  USE  OF  COPPEB  SULPHATE. 

During  the  past  year  several  articles  have  appeared,  some  of  a  mov 
or  less  alarmist  nature,  containing  adverse  criticism  of  the  copper  sd 
phate  method  of  treating  reservoirs.  In  some  instances  the  efficienc; 
of  the  method  is  questioned;  in  others,  objection  has  apparently  oiig 
inated  in  the  prejudice  which  obtains  in  some  quarters,  due  to  tk 
supposed  ill  effects  upon  the  human  system  of  the  absorption  of  smd 
quantities  of  copper. 

In  view  of  the  year's  experience  in  practical  applications  of  th 
treatment,  nothing  need  be  said  further  in  behalf  of  its  efficiency. 

The  existence  of  conditions  which  might  make  treatment  with  cop 
per  undesirable  is  not  overlooked,  but,  so  far  as  is  known,  these  ar 
peculiar  to  certain  localities  and  of  a  nature  which  presents  difficult; 
from  the  engineering  rather  than  the  hygienic  standpoint. 

The  appearance  of  resistant  forms  after  the  removal  of  the  pollni 
ing  organism  by  means  of  dilute  solutions  of  copper  sulphate  has  bed 
mentioned  by  engineers  as  possibly  producing  a  worse  condition  thai 
that  previously  existing  in  the  water.  Certainly  such  an  objectia 
would  have  been  worthy  of  careful  consideration  had  it  been  raise( 
before  an  opportunity  had  occurred  to  test  the  efficiency  of  coppei 
sulphate  as  an  algicide.  Experience  with  all  water  supplies  treated 
however,  proves  that  such  a  difficulty  is  not  to  be  feared  and  that  tb 
destruction  of  the  algse  is  so  rapid  as  to  prevent  the  evolution  of  simi 
larLy  contaminating  forms  resistant  to  copper. 

The  case  which  has  been  under  observation  for  the  longest  time  i 
that  at  Ben,  Va.,  where,  in  January,  1902,  cress  beds  were  treated  few 
the  eradication  of  Spirogyra.  Conditions  were  such  as  to  be  unusualh 
favorable  for  the  development  of  the  algae,  and  certainly  if  a  forn 
resistant  to  copper  could  be  produced  under  natural  conditions  i 
would  have  appeared  here.  After  the  first  treatment  was  madi 
several  subsequent  applications  of  copper  in  diminishing  quandtie 
were  resorted  to,  but  the  algse,  instead  of  being  more  difficult  ti 
eradicate,  were  easier  and  easier  to  kill,  and  in  a  recent  letter  Mr 
Moomaw,  proprietor  of  the  cress  beds,  states  that  the  algae  have  bea 
completely  destroyed  and  no  other  form  has  appeared. 

OPINIONS  OF  TOZICOLOOISTS  UPON  THE  EFFECT  OF  COPPEB 

SULPHATE. 

In  a  few  instancevs  objection  has  been  made  to  the  use  of  copper  sul 
phate,  even  in  the  minute  quantities  shown  to  be  efficient  for  the  pui 
pose  of  sterilizing  water.  Some  authors  have  held  that  anythinf 
which  would  destroy  algae  and  bacteria  would  likewise  kill  man,^  whik 
others  have  maintained  that  nothing  is  known  of  the  effect  of  tin 

«  Medical  Bulletin,  October,  1904. 
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finitesimal  dose  which  might  be  administered.^  The  opinions  of 
Kiinent  toxicologists  seem  fully  to  answer  both  the  violent  objections 
id  the  conservative  doubts  as  to  the  possible  injurious  effect  upon 
le  human  system  of  copper  thus  used. 

The  literature  relating  to  the  harmlessness  of  copper  is  so  volumi- 
>«s  as  to  make  it  impossible  even  to  refer  to  most  of  it,  but  a  few  of 
le  more  recent  articles  upon  the  subject  are  quoted  in  order  that  the 
ithorities  who  may  desire  to  improve  the  character  of  the  water 
ipply  under  their  control  may  have  the  benefit  of  the  experiments  of 
lose  who  have  investigated  the  effect  of  this  metal  upon  man  and 
lier  animals. 

Dr.  Henry  Kraemer,  in  an  article  in  the  American  Journal  of  Phar- 
»cy,  December,  1904,  wrote  as  follows: 

The  toxic  influence  of  even  very  minute  quantities  of  colloidal  copper  and  of 
pper  sulphate  on  certain  micro-organisms  having  been  pretty  well  established,  the 
ily  other  question  of  importance  that  arises  in  connection  with  their  use  for  the 
irification  of  water  supplies  containing  pathogenic  organisms  and  algse  is  the  one 
to  their  effects  on  man.  Inasmuch  as  this  phase  of  the  question  is  dependent 
K>n  physicians  and  pharmacologists  for  its  elucidation,  the  editor  of  this  journal 
18  asked  several  members  of  the  medical  profession  to  discuss  it. 
It  ifl  to  the  credit  of  the  medical  profession  that  while  some  of  those  asked  to  con- 
Lbute  to  this  discussion  have  more  or  less  positive  convictions  on  the  subject, 
tiers  have  been  frank  to  say  that  their  observations  and  experience  in  this  line  of 
vestigation  have  not  been  sufficient  to  warrant  them  in  giving  an  opinion  at  this 
me.  One  pharmacologist  writes:  *'As  I  understand  the  purification  method,  the 
lantities  of  copper  remaining  in  solution  are  so  extremely  small  that  they  would 
arceiy  be  harmful." 

Another  eminent  pharmacologist  writes  that  when  he  was  consulted  by  a  city 
ficial  to  give  an  opinion  as  to  whether  1  part  of  copper  in  1,000,000  parts  of  water 
ouid  be  harmful,  he  replied  that,  ^'Assuming  for  purposes  of  argument  that  the 
ipper  remains  in  solution  and  is  not  deposited  or  rendered  insoluble,  this  small 
lantity  could  not  be  harmful  to  our  citizens,  even  if  they  drank  such  water  for  a 
w  days,  since  our  ordinary  food,  as  bread,  meat,  etc.,  all  contain  from  2  to  3  parts 
i  the  million.  Some  tissues,  like  the  liver,  contain  as  high  as  30  parts  in  the 
lllion.'' 

Up  to  the  time  of  going  to  press  replies  were  also  received  from  Doctor  Hare,  pro- 
BBor  of  materia  medica  and  therapeutics  in  the  Jefferson  Medical  College,  and  from 
oetor  Holland,  dean  and  professor  of  medical  chemistry  and  toxicology  in  Jefferson 
iedical  College.    Their  replies  are  as  follows: 

My  Dear  Professor  Kraemer:  In  reply  to  your  note  let  me  state  that  small  doses 

•  copper  exercise,  so  far  as  is  known,  a  stimulant  effect  upon  nutritional  processes. 

do  not  think  that  we  have  any  information  in  regard  to  the  infinitesimal  quantities 

hich  are  present  in  water  when  treated  by  the  copper  method,  but  it  is  incredible 

lat  they  could  exercise  any  deleterious  influence.    Certainly  the  improbable  dele- 

(rious  influence  of  infinitesimal  quantities  of  copper  when  compared  to  the  certain 

ril  influence  of  micro-organisms  amounts  to  nothing. 

Very  truly  yours, 

H.  A.  Hare. 
Philadelphia,  November  14y  1904- 


« American  Medicine,  November  12,  1904. 
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Mr.  Hknbt  Kbakmicb, 

Editor  o/Ameriam  Journal  of  Pharmacy. 

DsAS  Sib:  In  this  paper  on  purification  of  water  by  copper  I  think  that  Doc&i 
Moore  shows  conclnsiveiy  tliat  water  supplies  can  be  freed  of  pathogenic  bacteriissd 
algae  promptly,  cheaply,  and  efficiently  by  that  means.  The  question  remaiiusg**^ 
be  answered  is.  Can  this  purification  be  done  with  entire  safety  to  thoee  dzinkiDg  tk 
water? 

Until  comparatively  recent  times  it  has  been  thought  that  the  slow  introducbKi 
of  minute  doses  of  copper  was  injurious  to  the  tissues  by  causing  '^ach  pathologkil 
changes  as  are  known  to  be  due  to  certain  other  metallic  poisons,  such  as  lead,  arseffic 
and  mercury.  But  Bematzic  has  proven  that  to  produce  toxic  phenomena  withn^ 
per  salts  it  must  be  given  freely  and  intentionally,  and  even  then  the  sabject  ^mk- 
taneouslv  recovers  when  the  administration  ceases.  When  a  student  of  meiikiiit 
I  was  made  aware  of  the  harmlessnesB  of  copper  sulphate  in  small  doees.  Quinlit 
was  very  expensive  then,  and  in  the  dispensary  practice  of  a  malarious  refict 
some  cheaper  substitute  was  needed.  Hundreds  of  cases  were  treated  with  a  cooiIh- 
nation  of  the  sulphates  of  cinchonine,  iron,  and  copper.  About  one-eighth  of  a  ^nia 
of  sulphate  of  copper  was  given  several  times  daily  in  this  routine  prescnption  fori 
tonic  and  anti  periodic. 

I  do  not  remember  that  any  untoward  symptoms  developed,  though  they  were  net 
unexpected,  as  the  books  then  taught  that  copper  salts  were  irritants.  So  they  are. 
but  only  in  doees  much  larger  than  one-eighth  of  a  grain.  We  saw  no  cumulatiff 
effects.  Lehmann  and  his  pupils  found  that  a  man  could  take  1  to  2  grains  of  cop- 
per as  sulphate  and  acetate  daily  in  peas  and  beans  divided  into  two  meals  withv>at 
effect- 

The  highest  sanitary  authorities  appointed  to  investigate  this  matter  have  repoH^i 
that  "copper  in  the  amounts  found  in  canned  goods  is  not  capable  of  injury  to 
health." 

Metallic  copper  is  not  a  poison.    Surgeons  have  used  copper  wire  forsatmiiif 

wounds  without  noticing  local  irritation;   children  swallow  copper  pennies  dail; 

without  injury  to  the  digestive  tract.     Xa  copper  is  present  in  almost  all  our  food  it 

is  not  surprising  to  learn  that  each  of  us  takes  daily  about  one  milligram  of  copp^. 

and  that  it  is  found  regularly  in  our  tissues.     I  see  no  reason  to  fear  copper  ii  the 

amounts  never  exceed  the  small  proportion  stated  by  Doctor  Moore  as  entirely  ad^ 

quate  for  the  purification  of  water  supplies. 

J.  W.  Holland. 
Philadelphia,  Xorember  15,  1904^ 

Dr.  A.  R.  Ciishney,  in  his  Treatise  on  Pharmacology  and  Thera- 
peutics," writes: 

Small  quantities  of  copper  may  be  taken  for  indefinite  periods  without  any  symp- 
toms being  induced,  so  that  so  far  as  man  is  concerned  the  general  action  of  coppff 
is  unknown.  *  *  *  On  the  other  hand,  copper  is  a  deadly  poison  to  seven!  <3^ 
the  lower  plants.  Thus,  traces  of  copper  added  to  the  water  in  which  they  li^ 
destroy  some  of  the  simpler  alg^e,  and  Naegeli  asserts  that  1  part  of  coppv  is 
1,000,000,000  parts  of  water  L?  sufficient  to  kill  these  plants.  *  *  ♦  Locke  fooihl 
that  the  traces  of  copper  contained  in  water  distilled  in  copper  vessels  were  suffideot 
to  deti^roy  Tubifex  (one  of  the  annelid  worms)  and  tadpoles,  while  Bucholtz  stat<^ 
that  the  development  of  Imcteria  is  stoppeil  by  a  solution  of  copper  sulf^uite  under  I 
per  cent  in  strength.  Copper  thus  seems  to  have  a  very  powerful  poisonous  acdoB 
on  certain  living  forms  and  to  be  harmle2<%i)  to  others,  and  the  subject  deserves  further 
investigation.  It  is  po^ible  that  it  may  prove  to  act  prejndidally  to  some  hanitf 
parasites,  and  it  is  certainly  less  dangerous  to  man  than  many  other  remedies  osedas 
parasiticides  and  disinfectants. 

o  Pharmacology  and  Therapeutics,  New  York,  1899,  p.  159. 
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Dr.  R.  A.  Witthaus^  has  published  a  similar  opinion: 

The  opinion,  formerly  'universal  among  toxicologists,  that  all  the  compounds  of  cop- 
>r  are  poisonous  has  been  much  modified  by  later  researches.  Certain  of  the  copper 
>in pounds,  such  as  sulphate,  having  a  tendency  to  combine  with  protein  and  other 
limal  substances,  produce  symptoms  of  irritation  by  their  direct  local  action  when 
rouglit  in  contact  with  the  gastric  or  intestinal  mucous  membrane.  One  of  the 
laracteristic  symptoms  of  such  irritation  is  the  vomiting  of  a  greenish  matter,  which 
svelope  a  blue  color  upon  the  addition  of  NH^HO, 

Cases  are  not  wanting  in  which  severe  illness,  and  even  death,  has  followed  the 
9e  of  food  which  has  been  in  contact  with  imperfectly  tinned  copper  vessels.  Cases 
I  w^hich  nervous  and  other  symptoms  referable  to  a  truly  poisonous  action  have 
ccarred.  As,  however,  it  has  also  been  shown  that  nonirritant,  pure  copper  com- 
ounds  may  be  taken  in  considerable  doses  with  impunity,  it  appears  at  least  prob- 
ble  that  the  poisonous  action  attributed  to  copper  is  due  to  other  substances.  The 
in  and  solder  used  in  the  manufacture  of  copper  utensils  contain  lead,  and  in  some 
ases  of  so-called  copper  poisoning  the  symptoms  have  been  such  as  are  as  consistent 
rith  lead  poisoning  as  with  copper  poisoning.  Copper  is  also  notoriously  liable  to 
ontamination  with  arsenic,  and  it  is  by  no  means  improbable  that  compounds  of 
hat  element  are  the  active  poisonous  agents  in  some  cases  of  supposed  copper  intox- 
cation.  Nor  is  it  improbable  that  articles  of  food  allowed  to  remain  exposed  to  air 
n  copper  vessels  should  undergo  those  peculiar  changes  which  result  in  the  formation 
»f  poisonous  substances,  such  as  the  sausage  or  cheese  poisons,  or  the  ptomaines. 

MEDICINAL  USE  OF  COPPEB. 

The  probable  medical  value  of  copper  in  treating  typhoid  and  related 
liseases  was  suggested  in  the  former  bulletin.  Salts  of  this  metal  have 
been  used  for  many  years  in  treating  dysentery,  and  in  one  instance  at 
least  diphtheria  has  been  treated  with  copper  sulphate  with  remarkable 
success. 

The  use  of  copper  in  treating  typhoid  fever  was  reported  upon  by  Dr. 
Lucien  F.  Salomon,  of  New  Orleans.*  We  quote  from  recent  letters 
from  Doctor  Salomon,  as  follows: 

Two  years  ago  I  published  the  results  of  my  experience  claiming  to  cure  typhoid 
{ever  with  the  arsenite  of  copper.  Subsequent  experience  in  its  use  confirms  the 
claim  then  made.  I  use  the  word  ^^cure'*  because  within  seventy-two  hours  after 
beginning  its  administration  in  a  given  case,  what  was  a  severe  case  of  typhoid 
becomes  converted  into  a  simple  benign  fever,  and  the  patient  recovers  in  ten  or 
twelve  days.     (May  10,  1904.) 

I  have  clinical  records  of  a  number  of  cases  treated  with  arsenite  of  copper  since 
the  publication  of  my  article,  all  of  which  show  the  same  good  result.  (June  11, 
1904.) 

As  has  been  shown  in  Bulletin  No.  64  of  the  Bureau  of  Plant  Indus- 
try, the  toxic  effect  of  copper  upon  cholera  germs  is  even  greater  thair 
upon  typhoid  bacilli. 

The  following  account  of  some  practical  experience  with  the  effect 
of  copper  upon  cholera  bears  out  this  laboratory's  experiments,  and 

«The  Medical  Students'  Manual  of  Chemistry,  New  York,  1902,  p.  207. 
*The  published  article  appeared  in  the  New  Orleans  Medical  and  Surgical  Journal 
for  June,  1902. 
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there  are  numerous  instances  in  this  country  where  the  beneficial  eieet ' 
of  some  form  of  copper  upon  cholera  epidemics  has  been  observed: 
.    Dr.  Arthur  de  No^  Walker,  in  a  pamphlet  entitled  *^The  Prophy- 
lactic Power  of  Copper  in  Epidemic  Cholera"  (London,  1883®),  wrote  ; 
as  follows: 

When  the  following  (acts  receive  the  attention  they  deserve  Asiatic  cholen  v3 
cease  to  destroy  mankind. 

In  the  year  1849,  and  again  in  1851,  Tuscany  was  ravaged  by  a  severe  epidcfoie  d 
Asiatic  cholera,  and  for  the  sixth  time  I  had  every  opportunity  of  obeervii^  lac 
studying  this,  perhaps,  the  most  fatal  disease  of  modem  times.  While  notiiig  dovs 
some  of  the  observations  published  by  Professor  Betti  on  both  epidemics,  tbe  fbltni- 
ing  paragraphs  were  particularly  remarked  and  transcribed: 

I  believe  I  ought  not  to  conclude  the  history  of  the  epidemic  of  Asiatic  cholen  that  &i]lieted  tte 
city  of  I*rato  and  the  adjacent  country  without  saying:  a  few  words  about  a  particular  industTTd^ 
ried  on  in  the  vicinity  of  that  city,  and  state  the  effects  of  the  same  on  the  workmen. 

It  is  well  known  that  in  the  valley  of  the  Bisenzio,  distant  only  4  miles  from  Pxato,  and  prvcstij 
at  a  place  called  La  Briglia,  are  the  furnaces  where  the  copper  ore  excavated  from  Mount  BoEahoB 
is  smelted.  With  the  object  of  bringing  to  light  the  influence  that  process  might  have  on  tbe^ 
ease,  I  deemed  it  opportune  to  institute  certain  special  investigations,  and  having  intetested  tbt 
government  authorities  on  the  subject,  the  following  intelligence  was  obtained: 

The  workmen  engaged  at  the  smelting  furnaces  at  La  Briglia,  in  the  valley  of  the  Bisenzio.  whm 
the  epidemic  broke  out  in  Prato  and  in  the  adjacent  country,  were  58,  which  number,  added  to  tfar 
individuals  composing  their  respective  families  living  within  a  radius  of  about  S  miles  fron  ^ 
furnaces,  made  up  a  total  of  150  souls. 

Among  all  those  individuals,  not  only  no  case  of  real  Asiatic  cholera,  but  not  even  a  spovadie  cast, 
nor  a  case  of  cholerine,  occurred. 

I  was,  moreover,  assured  that  not  one  of  them  was  affected  by  even  the  slight  gastric  and  intesUaai 
disturbance  so  common  in  those  living  in  localities  attacked  by  the  deadly  malady,  alihoqgli  U^j— 
the  workmen  and  their  families— live  in  damp  situations  along  the  Bisenzlan  torrent  Their  diet  a 
that  of  all  ordinary  laborers. 

The  value  of  this  fact  was,  in  my  estimation,  at  once  doubled  by  another,  noted 
1>y  Professor  Betti.  He  states  that  the  disease  attacked,  and  in  every  instance  prov^ 
fatal,  to  many  living  in  the  valley  of  the  Bisenzio  and  in  the  neighborhood  of  the 
smelters'  families,  but  that  those  so  attacked  and  succumbed  had,  directly  or  indi- 
rectly, nothing  whatever  to  do  with  the  furnaces  nor  with  any  of  the  workmen 
employed  in  smelting  the  ore. 

I  must  here  note,  on  evidence  I  have  myself  collected,  that  one  workman,  thor- 
oughly inquinated  and  having  his  person  and  garments  dusted  over  by  a  prophykc^ 
tic  agent,  consequent,  e.  g.,  on  a  sufficiently  long  attendance  at  a  smelting  foniace, 
becomes  an  efficient  means  or  vehicle  whereby  all  the  members  of  his  hooaehold 
may  become  protected  by  that  same  agent.  This  was  assumed  the  moment  tbe 
professor's  observations  were  read.  Thus,  conversely,  an  accoucheur,  or  a  monthlj 
nurse  that  has  attended  a  case  of  puerperal  fever,  fatal  or  not,  is  liable  to  affect  scores 
of  other  women.  Some  contagia  frequently  are,  as  is  well  known,  conveyed  by  one 
healthy  individual  to  many  others;  and  it  was  simply  inferred  that  if  contagions 
matter  can  thus  pass  from  one  i)er8on  to  many,  it  was  not  at  least  unlikely  that  t 
prophylactic  agent  might  likewise  pass  from  one  member  to  others  of  the  same 

family. 

Observations  I  need  not  here  detail  have  proved  to  me  that  the  assumption  enter- 
tained when  Betti's  observation  was  read  is  now  no  longer  an  hypothecs.  & 

Workmen  engaged  at  smelting  furnaces,  or  otherwise  employed  in  working  the 
metal,  become  thoroughly  unpregnated  with  the  ore,  which  adheres  all  over  the 


a  Written  twenty  years  previously.    Published  with  a  few  additions  in  1883. 
ft  "On  the  Effects  of  Copper  upon  the  System."    Proceedings  of  the  Clinical  .>xi- 
ety  of  London.     Vol.  3. 
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uxkon  int^gament.  An  appreciable  quantity  may  be  easily  obtained  by  burning 
le  of  the  hair  of  men  constantly  engaged  in  smelting  the  ore. 
Lft^T  reading  Professor  Betti's  observations  every  available  means  and  opportunity 
»  sought  with  the  object  of  ascertaining  whether  the  same  immunity  could  be 
ifie<l  at  other  establishments  where  copper  was  worked  in  any  sort  of  way.  The 
alt;  proved  that  not  one  person  habitually  engaged  in  working  copper  had  been 
Bcked  by  cholera,  not  even  among  those  whose  work  simply  consisted  in  polishing' 
;  metal. 

riie  indefatigable  Frenchman,  Burq,  has  published  a  valuable  work  on  the  pre- 
iti  ve  and  curative  action  of  copper  in  epidemic  cholera,  in  which  he  honestly  and 
iTageously  quotes  Hahnemann,  proving  that  he  followed  in  the  steps  of  that 
trsLordinary  genius.  But  Burq,  while  still  a  medical  student  attending  lectures, 
fcrecL  no  expense,  no  pains,  no  trouble,  in  order  to  prove  this  most  important  fact. 
3  allowed  nothing  to  deter  or  to  discourage  him — not  even  the  insults  of  the 
sdemy  of  Science  and  Medicine  nor  the  slights  of  some  physicians  holding  impor- 
nt  appointments  under  the  French  Government. 

**Oiie  day,"  he  says,  "some  private  business  led  me  to  visit  an  important  copper 
andry  in  the  Rue  des  Gravilliers.  In  the  course  of  a  casual  conversation  with  one 
the  workmen  I  learned  that  they,  as  well  as  all  the  inhabitants  of  the  establishment, 
imbering  about  200,  had,  in  1832,  and  again  in  1849,  been  exempt  from  cholera. 
he  fact  of  such  complete  immunity,  although  it  might  have  been  due  to  a  mere 
rtuitoas  exception,  greatly  surprised  me,  and  I  asked  myself  if  metals  might  not 
ave  other  properties  especially  antagonistic  to  cholera  besides  those  I  had  discovered. 
evertheless,  I  soon  began  to  lose  sight  of  the  fact,  when  a  similar  observation,  with 
aort  of  pertinacious  tenacity,  again  presented  itself  to  my  notice,  and  notably  in 
^nnection  with  other  copper  foundries  situated  in  the  same  street,  where  from  400 
>  500  workmen  and  others  occupying  the  premises  had,  one  and  all,  been  absolutely 
pee  from  the  disease.  This  strange  and  all-important  immunity  could  not,  I 
eflected,  be  due  to  the  healthiness  of  the  district  or  to  the  exceptionally  healthy 
tate  of  the  houses,  all  of  which,  without  exception,  were  as  poor  as  those  generally 
elected  for  foundries  of  any  kind.  Neither  could  it  be  ascribed,  as  I  have  said,  to 
he  good  hygienic  condition  of  the  inhabitants  generally  nor  to  the  exceptionally 
ow  mortality  of  the  neighboring  habitations.  It  became,  therefore,  impossible  for 
IS  to  look  upon  this  complete  immunity  simply  as  a  coincidence,  and  from  that 
noment  I  allowed  myself  no  rest  nor  respite  until  I  had  proven  without  a  shadow  of  a 
lonbt  this  peculiar  property  of  copper — a  property  I  had  hitherto  based  on  a  mere 
mppoeition.  In  order  to  obtain  this  important  result,  as  I  said  in  1853, 1  gave  myself 
ap  and  devoted  myself  to  pursue  a  vast  inquiry,  of  which  the  following  are  the  chief 
results: 

"In  Paris,  I  personally  visited  400  workshops,  and  other  places  where  metals  are 
worked;  from  the  most  modest,  where  four,  five,  or  ten  workmen  are  employed,  to 
extensive  establishments,  where  the  workmen  may  be  counted  by  hundreds,  as  may 
be  done  at  Messrs.  Cail  &  Cave's  establishment.     I  also  visited  the  iron  founderies 
in  the  suburbs  of  Saint  Marceau  and  Saint  Jacques,  and  the  type  foundry  in  the 
Rue  Vangirard,  the  manufactories  of  Messrs.  Lagoutte,  Calla,  Gouin,  and  Farcot. 
At  Chapelle  and  Saint  Ouen,  the  founderies  of  Messrs.  Cail  &  Co.;  at  ChaiJlot 
and  Grenelle;  and  the  manufactory  of  castors  in  copper  in  the  suburbs  of  Saint 
Antoine;  and,  finally,  all  the  workers  in  bronze  at  Marais.     I  then  put  myself  in 
communication  with  the  presidents,  treasurers,  and  secretaries  of  workmen's  unions, 
and  likewise  questioned  the  workmen  themselves  at  their  homes  or  lodgings.    Con- 
temporaneously, I  wrote  to  the  proprietors,  directors,  and  physicians  of  our  chief 
nianufactories,  forges,  wire  makers,  and  metal  beaters.    To  the  mayors  and  magis- 
trates of  towns  where,  as  at  I'Aigle  and  Villedieu,  the  inhabitants  are  almost  all 
occupied  in  working  metals,  requesting  them  to  give  me  information  regarding  the 
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oocuiBe  and  progress  the  epidemic  had  taken  and  made  in  their  reepectiTe  localitia. 
Not  satisfied  with  having  obtained  accurate  information  regarding  a  vast  nmnber  d 
persons,  I  commnnicated  with  the  English,  Swedish,  and  Russian  ambasBadorE,  vi& 
Professors  Huss,  of  Stockholm;  Montferrand,  of  St.  Petersburg  (director  oi  tfe 
Siberian  mines  belonging  to  Prince  Demidoff),  who  afforded  me  infomiaticMi  respect- 
ing no  less  than  46,500  miners  of  both  sexes.    Finally,  I  obtained  infonnatioiD  bom 
the  chief  and  most  extensive  metallurgic  establishments  in  Europe,  the  cotlox  d 
Sheffield,  the  copper  refiners  in  the  principality  of  Wales;  the  boiler  makera  d 
Birmingham;  the  mines  at  Phalen  of  Linkepening,  in  Sweden;  at  Stolber]g,  at  Sileca, 
and  many  others.    And  it  was  after  a  correspondence  and  inquiries  of  every  kind, 
carried  on  for  a  period  of  Aye  months,  concerning  a  population  of  200,000  sooJs,  dai 
we  believed  we  had  the  right  to  address  the  Academy  of  Medicine  and  Sdenees,  m 
a  memoir,  concluding  as  follows: 

''I.  Complete  immunity  from  cholera  of  the  immense  majority  of  all  workmts 
whose  calling  necessitates  their  being  habitually  in  contact  with  copper  dost. 

''II.  Copper  and  its  alloys,  brass  and  bronze,  permanently  applied  to  large  sor- 
faces  of  the  common  integument,  are  a  most  precious  preventive,  which  ought  in  no 
wise  to  be  neglected  and  can  cause  no  inconvenience.  If  these  means  le&Te  sotut- 
thing  to  be  desired  as  a  prophylactic,  it  will  probably  be  found  expedient  to  reduce 
the  metal  to  an  impalpable  powder  and  to  ingest  a  few  pinches. 

"III.  In  the  treatment  of  cholera,  copper,  opportunely  administered,  whether  in 
copper  filing  alone  or  in  any  other  form  which  experience  shall  determine,  affonb 
the  greatest  probability  of  proving  in  the  hands  of  the  physician  a  powerful  metu 
of  cure." 

Doctor  Clapton  A  describes  the  ''habitual  lassitude  and  giddiness"  of  some  of  the 
laborers  engaged  in  copper  works,  and  more  violent  symptoms  in  two  cases.  Froci 
his  description  all  the  laborers  were  evidently  saturated  with  salts  of  the  metaJ,  yH 
disagreeable  effects,  even  under  such  conditions,  are  undoubtedly  rare.  To  quote 
more  directly: 

"On  the  whole,  I  may  say  that  the  workmen  are  a  healthy  set  of  men.  They  do 
not  suffer  from  any  definite  diseases,  as  do  the  workers  in  lead,  arsenic,  and  mercury. 

"One  very  remarkable  circumstance  (of  which  I  was  first  informed  last  year  by 
Benham  and  Froude,  Chandos  street)  was  mentioned  at  each  of  the  works,  viz,  the 
absolute  freedom  of  the  workmen  from  cholera  or  even  choleraic  diarrhea.  During 
each  of  the  great  cholera  outbreaks  there  were  terrible  ravages  in  one  or  other  of 
their'neighlx)rhoods,  but  not  one  of  these  men  was  in  the  slightest  degree  affected. 

"At  all  events,  the  immunity  of  this  class  of  men  from  cholera  is  a  remarkable  ami 
positive  fact.  I  have  for  a  long  time  made  many  inquiries  in  this  matter,  and  can 
not  as  yet  learn  that  a  single  case  has  occurred  amongst  them. 

"It  seems  to  me,  therefore,  that  in  seasons  of  cholera  some  form  of  taking  it  in 
small  quantities  as  a  prophylactic  might  be  devised  with  the  utmost  benefit — perhaps 
the  sulphate  of  copper;  it  is  not  in  any  way  injurious,  even  if  it  should  do  no  good. 
Doctor  Elliotson  related  the  case  of  a  patient  who  had  taken  sulphate  of  copper 
daily  for  three  years,  for  a  particular  complaint,  without  its  having  produced  any 
constitutional  effect. 

"How  is  it  that  the  effect  of  copper,  even  when  inhaled  for  years,  is  comparativeiy 
so  slight,  and  does  not  lead  on  to  any  special  diseases?  Probably,  as  I  think,  because 
the  system  can  tolerate  an  excess  of  what  is  a  natural  constituent,  however  minute 
in  quantity,  infinitely  better  than  it  can  the  introduction  of  what  is  entirely  foreign, 
such  as  lead,  aivenic,  and  mercury;  and  in  my  opinion  it  has  been  clearly  shown 
that  copper  is  a  natural  constituent.'' 


a  Edward  Clapton,  Clinical  Society  of  London,  Transactions,  8:7  (1870). 
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CONCLUSION. 


•Experience  has  demonstrated  the  practical  value  of  copper  sulphate 
sftn  agent  for  the  purification  of  contaminated  water,  and  it  is 
leved  that  most  of  the  important  conditions  likely  to  obtain  have 
tn  encountered  and  successfully  dealt  with.  Unsuspected  features 
V  arise,  however,  and  more  complete  information  on  the  influence 
t:lie  chemical  constitution  and  temperature  of  the  water  and  on  the 
rvirrence  of  polluting  organisms  is  very  much  to  be  desired.  It  is 
srefore  urged  that  water  engineers,  sanitary  engineers,  and  others 
lo  may  be  interested  keep  accurate  records  of  treatments  made  and 
^ort  any  unusual  cases  that  may  present  themselves. 

8T7MMABT. 

During  the  summer  of  1904  over  50  reservoirs  were  successfully 

>SLted  for  the  removal  of  algfe.     From  these  results  and  from  further 

periments  in  the  laboratory  and  elsewhere  the  following  facts  have 

«n  developed: 

Much  less  copper  is  required  to  eradicate  alga;  from  reseiToirs  than 

ould  be  necessary  to  destroy  algee  under  laboratory  conditions. 

The  eflfect  of  this  metal  upon  fish  is  of  considerable  importance  and 

<|uires  more  study. 

The  physical  and  chemical  constitution  of  a  water  are  factors  to  be 

►nsidered  in  determining  the  quantity  of  copper  sulphate  to  use  in  a 

ater  supply. 

The  elimination  of  polluting  forms  sometimes  makes  possible  the 

5velopment  of  other  species,  but  so  far  these  species  have  never  been 

le  cause  of  complaint. 

As  a  result  of  the  sudden  destruction  of  great  numbers  of  polluting 
.gaf  for  a  few  days  immediately  after  treatment  of  a  water  supply 
lere  is  sometimes  an  increase  in  odor  and  taste. 

The  use  of  copper  is  an  efficient  emergency  method  for  sterilizing 
ater  contaminated  with  the  bacillus  of  typhoid  fever. 

Metallic  copper  offers  a  convenient  and  efficient  means  of  sterilizing 
tnall  amounts  of  water. 

Copper  may  be  useful  in  the  proper  disposal  of  sewage. 

Copper  is  of  great  value  as  a  supplement  to  filtration  in  case  of 
ccident  or  mismanagement. 

Under  certain  conditions  copper  may  be  used  to  great  advantage  in 
onnection  with  filtration. 

There  is  no  authentic  record  of  fatal  copper  poisoning,  and  many 
rf  the  best  authorities  do  not  consider  copper  a  true  poison;  they  hold 
:hat  it  is  a  natural  constituent  of  the  body,  and  in  minute  quantities 
las  no  effect  upon  man. 

The  suggested  medicinal  use  of  copper  in  cholera,  typhoid,  and 
related  diseases  seems  important, _, 

'    APR  -  0    ll-;  5        ]j 
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3 


PREFACE. 


The  avocado  is  a  tree  native  in  Central  and  South  America,  where 
lias  been  cultivated  bv  the  aborigines  since  verv  ancient  times.  The 
Lrge  and  usually  pear-shaped  fruit  is  not  used  as  a  fruit  in  the 
opular  sense  of  that  word,  but  as  a  salad.  It  is  highly  prized  by 
lose  familiar  with  it  in  the  American  Tropics,  and  as  its  nature 
omes  to  be  more  widely  understood  in  the  United  States  its  popu- 
irity  increases.  There  is  now  a  regular  demand  for  it  in  our  large 
Lties.  The  long  journey  which  the  avocado  must  make  between  pro- 
ucer  and  northern  consumer  renders  important  the  question  of 
dipping  qualities.  But  one  type'  is  known  in  Porto  Rico,  and  this 
rill  not  withstand  shipment  to  New  York  except  in  cold  storage. 

While  accompanying  Mr.  O.  F.  Cook,  of  this  Depai-tment,  on 
xpeditions  to  Mexico,  Central  America,  and  the  AVest  Indies  for  the 
tudy  of  coffee,  rubber,  and  other  tropical  cultures,  Mr.  Collins  has 
ound  that  the  varieties  of  the  avocado  are  much  more  numerous  and 
liverse  than  was  hitherto  supposed.  In  developing  the  culture  of 
ivocados  it  is  important  that  these  varieties  be  canvassed  to  secure 
he  best  types.  Of  particular  interest  are  the  remarkably  thick- 
frinncd  avocados  of  Guatemala,  which  thus  far  appear  to  have 
escaped  notice.  These  varieties  promise  to  withstand  shipment  much 
)etter  than  anv  of  the  thin-skinned  forms  now  cultivated,  and  their 
ntroduction  into  Porto  Rico  will,  it  is  hoped,  aid  materially  in  estal>- 
ishing  a  profitable  industrj'^  in  that  island. 

Mr.  CoUins's  report  contains  much  information,  acquired  under 
lis  exceptionally  favorable  opportunities  for  observing  the  avocado, 
svhieh  will  be  useful  to  those  interested  in  the  culture,  transportation, 
and  marketing  of  this  salad  fruit. 

B^REDERJCK    V.    COVILLE, 

Botanist. 
Office  of  Botanical  Investigations  and  Experiments, 

Washington^  D,  C,  September  30^  1904. 
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THE  AVOCADO,  A  SALAD  FRUIT  FROM 

THE  TROPICS. 


INTBODUCTION. 

As  our  contact  with  the  Tropics  becomes  more  and  more  intimate, 
nd  transportation  facilities  are  improved,  the  number  of  fresh  food 
roducts  received  from  tropical  countries  is  rapidly  increasing. 
Lmong  the  most  promising  of  such  articles  is  the  avocado,  still  little 
mown,  but  rapidly  increasing  in  favor. 

The  avocado,  though  technically  a  fruit  and  usually  referred  to  as 
uch,  is  from  the  culinary  standpoint  no  more  a  fruit  than  the  cucura- 
)er.  It  is  more  accurately  described  by  the  term  "  salad  fruit," 
md  may  be  said  to  stand  alone  as  the  only  fruit  that  when  ripe  is 
;aten  almost  exclusively  as  a  salad.  The  nearest  approach  to  this  is 
[)erhaps  the  olive,  which  is  eaten  more  as  a  relish.  This  unexpected 
role  no  doubt  accounts  to  a  large  extent  for  the  dislike  or  indifference 
jften  professed  by  persons  tasting  the  avocado  for  the  first  time.  As 
in  the  case  of  the  olive,  where  the  novice  usually  describes  the  fruit 
as  an  insipid  pickle,  the  appearance  of  the  avocado  leads  one  to  expect 
a  sweet  or  acid  fruit,  and  the  more  or  less  unconscious  disappointment 
usually  leads  the  experimenter  to  pronounce  the  avocado  tasteless  and 
oily.  One  writer  describes  it  as  having  a  '*  taste  not  much  like  that  of 
our  pears  [the  avocado  is  often  called  '  alligator  pear '],  and  in  first 
trying  to  eat  the  fruit  one  may  pronounce  it  a  poor  pear  but  a  good 
kind  of  pumpkin,"  and  adds  the  charitable  suggestion  that  ''  cooking 
or  preserving  may  bring  out  the  hidden  virtues." 

Few  persons  who  live  for  any  length  of  time  in  countries  where 
avocados  are  to  be  had  fail  to  acquire  a  taste  for  this  delicious  salad 
fruit.  It  is  the  rule,  however,  that  the  taste  for  an  entirely  new  article 
of  diet  has  to  be  cultivated,  and  a  food  which  Avas  unknown  to  our 
fathers  and  which  we  meet  for  the  first  time  after  our  tastes  have  been 
formed  is  seldom  accepted  at  the  first  trial.  In  most  cases  it  is  only 
after  repeated  attempts,  prompted  usually  by  the  assurances  of  the 
initiated,  that  a  fondness  for  the  strange  article  begins  to  grow.  The 
human  taste  is,  however,  fairly  uniform,  and  a  liking  for  any  food 
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10  THE  AVOCADO. 

that  is  popular  in  its  native  country  is  usually  acquired  by  the  stranger 
if  his  first  attempts  do  not  create  a  prejudice  so  strong  as  to  prevent 
further  experiments.  As  examples  of  foods  that  when  first  tried 
outside  of  their  native  country  were  by  most  people  either  disliked  or 
considered  insipid  but  which  have  since  become  firmly  establidied 
may  be  mentioned  olives,  bananas,  artichokes,  chocolate^  tomato^ 
curries,  and  peppers. 

With  avocados  the  taste  is  usually  acquired  after  two  or  three 
attempts,  and  many  profess  a  fondness  for  the  fruit  at  the  first  trial 
That  the  taste  when  once  acquired  amounts  almost  to  a  craving  is 
attested  by  prices  paid  for  the  fruit  in  the  northern  markets,  where 
15  cents  each  is  about  the  lowest  figure  at  which  they  can  be  bought, 
and  good  fruit  usually  sells  as  high  as  30  cents,  though  50  or  <^) 
cents  is  not  an  uncommon  price.  The  avocado  may  thus  be  said  to 
have  taken  the  first  steps  along  the  lines  by  which  most  foreign  fruits 
have  been  succossfullv  introduced. 

An  early  impetus  was  received  when  the  fruit  was  served  on  the 
tables  of  the  rich  and  fashionable,  its  intrinsic  merit  being  aided. 
without  doubt,  by  the  desire  to  inaugurate  a  novelty  at  once  rare  and 
expensive.  The  tendency  to  imitate  this  use  assisted  in  increasing 
the  demand  until  the  fashionable  hotels  were  able  to  score  a  point  by 
adding  the  fruit  to  their  menus.  From  this  stage  to  that  of  introduc- 
tion into  the  markets  and  fruit  stores,  where  the  general  public  will 
make  its  acquaintance,  is,  perhaps,  the  slowest  and  most  crucial  step 
in  the  historv  of  a  successful  new  product,  and  one  that  the  avocado  is 
at  present  undergoing. 

OBIGIN  AND  HISTOBT. 

EARLY  ACCOUNTS. 

What  appears  to  be  the  earliest  reference  to  the  avocado  is  found  in 
Oviedo's  report  to  Charles  V  of  Spain,  in  the  year  1526,«  a  translation 
of  which  follows : 

On  the  mainland  are  certain  trees  that  are  caUed  pear  trees  (perales).  The^ 
are  not  pear  trees  like  those  of  Spain,  but  are  held  in  no  less  esteem;  ratber 
does  this  fmit  have  many  advantages  over  the  pears  of  that  coantry.  These 
are  certain  large  trees,  with  long  narrow  leaves  similar  to  the  laurel,  but  larger 
and  more  green.  This  tree  i>roduces  certain  pears,  many  of  which  weigh  more 
than  a  pound,  and  some  less ;  but  usually  a  pound,  a  little  more  or  less,  and  tbe 
color  and  shape  is  that  of  true  pears,  and  the  skin  is  somewhat  thicker,  but 
softer,  and  in  the  middle  it  holds  a  seed  like  a  peeled  chestnut ;  but  it  is  vecy 
bitter,  as  was  said  farther  back  of  the  mammee,  except  that  here  it  is  of  ooe 
piece  and  in  the  mammee  of  three,  but  it  is  similarly  bitter  and  of  the  same  form ; 
and  over  this  seed  is  a  delicate  membrane,  and  between  it  and  the  primaiy 

aSumario  de  la  Natural  Historia  de  las  Indias.  (Biblioteoa  de  Autores  fis- 
pafioles,  Historiadores  Primitivos  de  Indias,  Madrid,  1852.    1 :  502.) 
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skin  is  that  whicb  is  eaten,  which  is  something  of  a  liquid  or  paste  that  is  very 
similar  to  butter  and  a  very  good  food  and  of  good  flavor,  and  such  that  those 
tliat  ean  have  them  guard  and  appreciate  them :  and  they  are  wild  trees  in  the 
manner  that  all  those  that  have  been  spoken  of,  for  the  chief  gardener  is  God, 
and  tlie  Indians  apply  no  work  whatever  to  these  trees.  With  cheese  these 
pears  taste  very  well,  and  they  are  gathered  early,  before  they  are  ripe,  and 
stored  ;  and  after  they  are  collected  they  mature  and  become  in  perfect  condi- 
tion to  be  eaten ;  but  after  they  are  ready  to  be  eaten  they  spoil  if  they  are  left 
anil  allowed  to  pass  that  time. 

A  more  complete  discussion  appears  in  the  same  author's  History 
of  the  Indies,**  written  some  time  after  his  original  report,  where  he 
adds  that  some  years  after  his  report  to  Charles  V  "  I  saw  many  of 
these  pear  trees  in  the  province  of  Nicaragua,  placed  by  hand  in  the 
lands  and  yards  or  gardens  of  the  Indians  and  cultivated  by  them. 
And  some  of  these  trees  are  as  large  as  walnut  trees,  but  the  pears  are 
smaller  than  those  of  Cueva."    The  localitv  referred  to  in  his  first 
account  is  the  northern  part  of  Colombia,  near  the  Isthmus  of  Pan- 
ama.    The  fruit  described  would  seem  to  resemble  some  of  the  poorer 
varieties  common  in  southern  Mexico,  or  the  Costa  Rican  fruit  known 
as  "  yas,"  referred  to  Persea  frigida  Linden.     (See  PL  VIII.)     The 
fruit  must  have  been  of  good  size  and  the  seed  very  large,  for  without 
knowing  the  size  of  the  "  vinous  pears  of  Spain,"  to  which  the  fruit 
is  compared,  the  weight  is  said  to  be  about  a  pound,  while  the  flesh 
is  said  to  be  the  thickness  of  a  goose  quill. 

Cieza  de  Leon  ^  refers  to  the  avocado  as  oiie  of  the  native  fruits 
eaten  by  the  Spaniards  of  Panama  (p.  16),  and  as  one  of  the  foods 
of  the  natives  of  Arma  and  Cali,  Colombia  (pp.  72-99).  It  would 
seem  that  the  fruit  was  of  considerable  importance,  as  it  is  one  of 
the  very  few  kinds  of  which  particular  mention  is  made.  The  fruit 
described  is  said  to  have  the  pulp  about  the  thickness  of  a  finger. 

Hernandez*'  describes  the  avocado  in  Mexico  under  the  Aztec 
name  "  ahuacaquahuitl."  There  is  also  a  long  description  of  both 
the  fruit  and  the  tree  in  Ulloa's  Voyage  to  South  America  (1736). 

The  first  authentic  reference  thus  far  found  to  the  avocado  in  the 
West  Indies  is  made  by  Hughes.'' 

COMMON    NAMES. 

The  various  common  names  of  the  avocado  form  a  curious  and 
undignified  jumble.  None  seems  to  be  available  that  is  not  either 
misleading  in  its  application  or  difficult  to  pronounce. 

The  most  common  designation  among  English-speaking  people  is 

«  Oviedo,  1851,  Historia  General  y  Natural  de  las  Indias,  1 :  353. 

»The  Travels  of  Pedro  de  Cieza  de  Leon  [1532-1550],  Hakluyt  Society,  18(>4. 

«  Hernandez,  F.,  1651,  Rerum  Medic.  Nov.  Hisp.  Thes.,  89. 

*  Hughes,  W.,  1672,  The  American  Physitian,  40. 
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"  alligator  pear,"  and,  although  it  is  very  difficult  and  for  many  rea- 
sons undesirable  to  change  a  popular  name,  it  seems  best  while  this 
fruit  is  still  little  known  to  endeavor  to  secure  a  less  misleading  desig- 
nation. The  name  "  avocado  "  is  almost  as  widely  used  as  '^  alligator 
pear,"  and,  while  not  altogether  unobjectionable,  its  adoption  will 
avoid  the  confusion  of  this  salad  fruit  with  varietie^s  of  the  conunoQ 
pear.  The  use  of  the  namfe  "  alligator  pe^r  "  not  only  retards  the 
true  appreciation  of  this  very  distinct  article  of  diet,  but  will  eventu- 
ally cause  annoying  complications  in  statistical  classifications  of  the 
products  of  regions  where  both  this  and  true  pears  are  grown.  The 
word  ''  pear "  is  sometimes  appended  to  "  avocado,"  and  the  name 
is  then  no  less  objectionable  than  the  other  form. 

"  Palta  "  is  applied  to  the  avocado  in  Chile,  Peru,  and  Ecuador, 
and  is  said  by  Garcilasso  de  la  Vega  «  to  have  been  applied  by  the 
Incas,  who  brought  this  fruit  from  the  province  of  that  name  to  the 
warm  valley  of  Cuzco,  although  it  seems  not  improbable  that  the 
province  may  have  received  its  name  from  the  tree,  according  to  the 
common  custom  of  primitive  people. 

The  name  "  ahuacaquahuitl,"  given  by  Hernandez,  signifies  ^'^  like 
the  oak  tree,"  and  is  variously  spelled  by  other  writers. 

The  words  "  aguacate "  and  '*  avocado "  are  probably  Spanish 
spellings  of  attempts  to  pronounce  the  Aztec  name.  To  an  Andalu- 
sian  the  sound  of  the  word  would  naturally  suggest  the  spelling 
"  aguacate,"  while  a  Castilian  would  be  niore  likely  to  adopt  the  other 
form. 

The  French  name  "  avocat "  is  probably  a  modification  of  the 
Spanish,  or  perhaps  an  independent  approximation  of  the  native 
name. 

The  tendency  to  transform  a  new  name  into  a  word  already  existing 
in  the  language  is  shown  in  the  spelling  "  abogado  "  in  the  Spanish 
and  "  avocat "  in  the  French,  both  words  meaning  lawyer. 

Tussac  ^  gives  "  aoucate  "  as  the  Carib  name  and  derives  the  French 
"  avocat "  from  that  form.  Jumelle  and  Pickering  also  give  modifi- 
cations of  this  word  as  Carib.  It  seems  impossible  that  the  Carib  and 
Aztec  names  should  be  so  similar,  and  it  is  more  likely  that  the 
Carib's  attempt  to  pronounce  the  Spanish  designation  was  erro- 
neously recorded  as  a  native  name. 

The  form  of  the  fruit  obviously  suggests  the  term  "pear,"  and 
"  perales,"  or  pear  trees,  was  the  name  under  which  they  were  first 
recorded  by  Oviedo  in  1520,  that  author,  however,  stating  that  thev 
were  pears  in  form  and  in  nothing  else. 

aGareUasso  de  la  Voga,  Ynea,  1(M)5,  Royal  Commentaries  of  the  Yuccas,  Hak- 
luyt  e<i..  2 :  335. 
&  Tussac,  F.  R.  de.  1824,  Flore  des  Antilles,  3 :  15. 
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riie  name  "  alligator "  is  entirely  without  warrant,  and  no  one 
5  as  yet  suggested  even  a  fanciful  application  to  any  of  the  char- 
:eristics  of  the  fruit  or  tree.  It  has  been  suggested  that  the  tenri 
a  further  corruption  of  the  Spanish  "'  aguacate,"  and  this  must  be 
mitted  as  possible.  The  occurrence  of  the  word  "  alligator ''  pre- 
:ed  to  the  names  of  plants,  such  as  "  alligator  pepper  "  for  Amomum 
?Jeg%teta  Kosc,  suggests  that  the  word  may  formerly  have  been 
ed  to  signify  false  or  worthless,  and  if  this  were  true  its  application 
this  pear-shaped  fruit  would  be  very  natural.** 
The  application  of  other  English  names,  such  as  "subaltern's 
itter,"  "  midshipman's  butter,"  "  vegetable  marrow,"  etc.,  is  obvious. 
Below  is  a  partial  list  of  the  names  and  spellings  that  have  been 
pplied  by  diflferent  writers : 

Popular  names  of  the  avocado. 


Name. 


Country. 


Mexico. 


bacate I  Brazil 

.^oacate 

kC^nacatillo 

Lxoalate 

[Boocaquahultl 

Lhnaca 

Lhuacahnitl 


Langrnage. 


EDglish 
Spanish 


Mexico. 
....do-. 


Lhtiacalt 

U&nacaqaahuitl , 

Uiuacate 

Ubecato  pear  . . 
Uligator  pear... 

^naca 

^onacate 

A.Ticato 

A.Tigato 

A^TOca 

Avocado  

Avocadobirne  .. 
Avocado  pear. . . 


Mexico.. 

Peru 

Jamaica. 


Antilles 


Barbados . 
Mauritius. 


British  West  In- 
dies. 


Avocat 

Avocato 

Avogato  pear 
Butter  pear. . 

Cupanda 

Cnpandra — 

Cura 

Custardapple West  Africa 

Laurell  peach 


Tabasco,  Mexico. 
Mexico 

South  America . . 


Mantequilla  silvestre 
Midshipman's  butter. 
Nicaraguae  pomum . . 

On 

Palta 

Patta 

Peral  de  abogado 

Peras 

Sabaca 

Shell  pear 

Spanish  pear 

Subaltern's  butter  . . . 

Tonalahoate 

Vegetable  marrow . . . 


Mexico . 


Yucatan 

Peru 

Peru  and  Mexico. 


Colombia 


Jamaica 
do... 


Morelos,  Mexico . 


Spanish 


Aztec 
do 


do.. 

do.. 

Spanish 
Emglish 

Caribi".' 

do.. 

English 
do.. 


Spanish  and  English. 

German 

English 


French. 


English 
do  .. 


English 


Spanish 
English 
Latin  .. 
Maya... 


Spanish 
do.. 


English. 


English 


Authority. 


Orton,  p.  5. 

Ramirez,  p.  8. 
Velasquez  Diet. 
Ramirez,  p.  3. 
Jumelle,  p.  179. 
Markham,  in  Cieza  de  Leon 

p.  16. 
Sagot,  p.  196. 
Hernandez,  p.  89. 
Velasco,  I,  p.  63. 
Sloane,  II,  p.  183. 

Jumelle,  p.  179. 
Tuasac,  p.  15. 
Knox,  p.  222. 
Hughes,  G.,  p.  130. 
Lequat,  11,  p.  201. 

Semler,  11.  p.  464. 

Bois,  Rev.  Hort.,  1900,  p.  646 

Jumelle,  p.  179. 
P.  Brown,  p.  214. 
Dampier,  p.  903. 

Ramirez,  p.  21. 

Do. 
Amador,  in  Oviedo,  p.  868. 

Parkinson,  p.  1514. 

Semler,  IV,  p.  264. 

Smith,  Treasury  of  Botany. 

Chambrey,  p.  686. 

Ramirez,  p.  i88. 

Cieza  de  Leon,  p.  73. 

Lunan,  p.  88. 

Jacquin,  p.  88. 

Oviedo,  p.  853. 

Lunan,  p.  88. 

Hughes,  W.,  p.  40. 

Do. 
Marayat. 
Ramirez,  p.  70. 
Smith,  Treasury  of  Botany 


«  Other  instances  of  tlio  use  of  this  word  that  admit  of  this  Interpretation  are 
alligator  applo  {Anona  paluslris  L.)  and  alligator  crocodile  {Osteolaemus 
tetraspes).  The  word  "alligator"  is  said  to  be  derived  from  the  Spanish  El 
Lagarto,  meaning  "  the  lizard."  The  expression  "  alligator  tears  "  or  "  croco- 
dile tears  "  can  also  be  interpreted  in  the  same  way. 
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NOT  NATIVE  IN  THE  WEST  INDIES. 

Many  general  works  on  tropical  agriculture  refer  to  the  avoci^ 
as  a  native  of  the  West  Indies.  There  seems,  however,  to  be  no  pos 
tive  warrant  for  this,  while  there  are  many  indications  to  the  contnij 
De  Candolle  °  states  that  it  has  been  found  wild  in  this  region,  but  H^ 
authority  cited  *  says  simply  "American  Tropics,"  and  his  records^ 
the  different  varieties  occurring  in  the  West  Indies  evidently  refer! 
cultivated  forms.  A  wild  species  of  Persea,  P.  sylvestrisj  is  rep(Htll 
from  Cuba,  but  this  is  quite  distinct  from  the  avocado,  and  is  calld 
by  the  Cubans  "  aguacate  silvestre."  The  statement  "  in  insula  S 
Dominici  "  occurs  in  Bauhin's  description  of  the  avocado.*'  Aooal 
is  cited,  however,  and  this  author  gives  no  reference  to  the  fruit  i 
that  locality. 

The  avocado  was  certainly  not  common  nor  was  it  cultivated  in  li 
West  Indies  before  the  time  of  Columbus,  for  of  the  early  writers  coi 
suited  none  makes  mention  of  it  as  native  in  that  locality,  although  rd 
erences  to  it  in  Colombia,  Ecuador,  and  Peru  are  frequent.  It  is  9^ 
nificant  that  Oviedo  entitles  his  discussion  "  De  los  perales  salvajesJI 
la  Tierra-Firma,"  or  "  Wild  pear  trees  of  the  mainland,"  and  doai 
not  mention  their  occurrence  on  the  islands,  as  he  does  in  the  case  of  « 
many  other  plants.  This  part  of  his  history  was  apparently  writt«i 
while  in  Santo  Domingo,  and  his  knowledge  of  that  island  is  so  cii 
cumstantial  as  to  make  it  very  improbable  that  he  could  have  remaind 
ignorant  of  its  existence  there,  and  while  less  conversant  with  thii 
remainder  of  the  AVest  Indies  he  makes  mention  of  many  compti* 
atively  obscure  plants  as  existing  in  "other  islands;"  all  of  whidl 
seems  to  indicate  that  the  avocado  was  unknown  in  the  Spanish  sei 
tlements  of  the  West  Indies  in  the  early  part  of  the  sixteenth  centur^ 

Hughes,*^  Dampier,^  and  Hans  Sloane  ^  refer  to  the  avocado  K 
planted  in  Jamaica  by  the  Spaniards.  Brown  ^  definitely  states  thii 
the  tree  was  introduced  into  Jamaica,  and  Jacquin  *  says  the  same  d 
the  West  Indies  as  a  whole.  Tussac  *  also  affirms  that  the  avocado  is 
not  a  native  of  the  West  Indies,  although  he  gives  a  Carib  name  fot 
the  plant. 

a  De  Candolle,  1885,  Origin  of  Culti-  f  Sloane,   Hans,  1725,  Natural  Hfe- 

vated  Plants,  292.  tory  of  Jamaica,  2: 133. 

6  Meissner,    18G4,    in    De    Candolle,  ff  Brown,  P.,  1789,  History  of  Jamai- 

Prodromus,  15 : 1 :  53.  ca,  214. 

cBauhIn,  Caspar,  1623,  Tlieatrl  Bo-  *  Jacquin,  J.  N.,  1764,  Obeerv.  Bo- 
tanic!, 439.  tanic,  1 :  38. 

*  Tlughes,  W.,   1672,  Tlie  American  « Tussac,  F.  R.  de,  1824,  Flore  do 

Pliysitlan,  41.  Antilles,  3 :  15. 

cDampier,    William,    1703,    A   New 
Voyage  Around  tbe  World,  1 :  202. 
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DISTRIBUTION. 

The  avocado  has,  since  the  time  of  Columbus,  spread  from  i\s  home 
America  entirely  around  the  Tropics.  That  such  an  important 
>d  plant  was  confined  to  the  American  continent  until  the  post- 
lunibian  contact  with  the  Old  Worid,  while  numerous  other  plants, 
;h  as  the  yam,  taro,  and  sweet  potato,  had  already  spread  to  parts 
the  Old  AVorid,  was  probably  due  to  the  fact  that  the  avocado  will 
t  easily  survive  long  voyages,  while  most  of  the  tropical  root  crops 
ve  much  greater  vitalitv. 

The  fruit  spread  but  slowly  before  the  last  century,  but  in  recent 
aes  its  culture  has  rapidly  increased,  and  it  is  now  cultivated  in 
>st  of  the  countries  that  are  suited  to  its  growth.  It  has  been  cul- 
rated  in  India  since  about  1860,  and  has  reached  the  islands  of  Mad- 
;ascar,  Reunion,  Madeira,  the  Canaries,  Samoa,  and  Tahiti.  In 
fttal  and  Australia  it  is  just  gaining  a  foothold.  Its  cultivation  is 
creasing  in  Algiers.  In  1882  it  was  reported  as  growing  in  southern 
ranee  along  the  shores  of  the  Mediterranean.  Some  of  the  trees 
id  flowered,  but  apparently  none  had  fruited  at  that  time.  In 
uthem  Spain,  however,  the  tree  fruits,  and  is  cultivated  to  a  limited 
[tent. 

E.  Eoul  ^  gives  the  range  of  this  species  as  36°  from  the  equator. 
[e  states,  however,  that  certain  varieties,  such  as  "  dulce,"  are  not 
mnd  outside  the  Tropics. 

The  avocado  seems  to  have  commanded  very  little  attention  in  the 
rest  Indies.  No  mention  is  made  of  this  fruit  in  Morris's  account 
I  the  British  West  Indies,  and  the  index  to  the  bulletins  of  the 
otanical  department  of  Jamaica  does  not  contain  a  single  reference 

>  it.     In  Porto  Rico  the  fruit  is  abundant  and  popular,  although  not 

>  important  a  staple  as  in  tropical  Mexico,  where  quantities  of  even 
le  most  inferior  fruit  are  consumed  by  the  natives,  who  consider  it 
a  important  ingredient  of  that  indispensable  Spanish  dish,  soup. 

There  are  now  orchards  of  avocados  in  southern  Florida  and  Cali- 
ornia,  and  a  slightly  hardier  variety  would  greatly  extend  the  cul- 
iire  of  this  fruit  in  these  regions. 

Cuban  fruit  is  shipped  to  the  northern  markets,  and  the  conditions 
(1  that  island  are  probably  similar  to  those  existing  in  Porto  Rico. 

In  the  tropical  parts  of  Mexico,  Central  America,  and  South  Amer- 
:a  the  fruit  is  very  common,  and  its  different  forms  and  races  are 
rmumerable. 

DESCBIPTION. 

The  avocado  tree  is  20  to  60  feet  high,  varying  in  habit  from  tall 
nd  rather  strict  to  short  and  spreading.     In  favorable  situations  the 

«  Sagot,  P.,  Manuel  Pratique  des  Cultures  Tropicales,  198,  1893. 
25523— No.  77—05  M 3 
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top  is  very  dense.    The  leaves  are  20  to  40  cm.  long  and  7  to  25  cbl 
wide,  acuminate  at  the  apex,  varying  from  acute  to  truncate  at  ba«. 
petiole  2  to  8  cm.  long.    The  upper  surface  is  smooth,  with  depressed 
veins;  the  lower  surface  is  glaucous,  with  the  raised  veins  slightly 
pubescent.    Different  forms,  all  referred  to  the  one  species^  vary  «> 
greatly  in  the  form  and  size  of  the  leaves  that  close  relationship  would 
hardly  be  suspected.     Climatic  differences  may  possibly  account  for 
some  of  this  variation,  the  large,  broad-leaved  forms  being  usually 
found  near  the  coast     Young  trees  have  also,  as  a  rule,  much  lai^r 
leaves. 

The  flowers  are  perfect  and  are  borne  on  loose  axillary  racemes  near 
the  ends  of  the  branches,  usually  at  the  base  of  the  year's  growth.  The 
corolla  is  wanting,  the  calyx  6-parted.  The  lobes  are  all  of  equal 
length,  green  in  color,  and  pubescent.  The  stamens  are  9,  in  three 
series;  the  anthers  4-celled,  opening  by  valves  hinged  distally.  The 
two  outer  series  have  the  openings  introrsely  directed ;  the  inner  series 
has  the  two  distal  valves  introrsely,  the  basal  pair  extrorsely,  directed. 
Each  stamen  of  the  inner  series  bears  near  its  base  two  large  glands. 
Inside  the  stamens  are  three  staminoidia.  Occasionalh^  -i-parted 
flowers  are  to  be  found,  in  which  case  they  are  4-parted  throughout. 
The  ovary  is  1-celled,  the  style  simple. 

The  fruit  in  some  varieties  is  long  and  slender;  in  others,  nearly 
globular,  varying  from  3  to  15  cm.  (1  to  6  inches)  in  diameter.    The 
outside  covering  in  some  forms  is  soft  and  pliable,  often  less  than  one- 
half  millimeter  in  thickness,  while  in  others  it  is  hard  and  granular,  in 
some  of  the  Central  American  forms  reaching  3  mm.  in  thickness.   The 
fleshy  part  of  the  fruit  between  the  skin  and  the  seed  varies  greatly 
in  thickness,  but  is  always  butyraceous  in  consistency,  though  in 
some  cases  much  firmer  than  in  others.     In  the  better  varieties  the 
fibrovascular  system  that  enters  the  fruit  from  the  stem  is  discernible 
only  in  the  thin  flesh  at  the  very  base  of  the  fruit  and  at  the  base  of 
the  seed,  which  is  toward  the  apical  end  of  the  fruit.    The  seed  thus 
appears  to  receive  its  nourishment  directly  from  the  pulp  by  absorp- 
tion or  ceases  to  receive  nourishment  Ixjfore  the  fruit  is  fuUv  formed. 
In  the  coarser  forms  the  bundles  can  be  traced  from  the  stem  through- 
out the  pulp  to  the  point  where  they  enter  the  seed,  and  in  some  cases 
they  are  so  prominent  that  the  quality  of  the  fruit  is  seriously 
impaired. 

The  tree  is  usually  described  as  evergreen.  In  some  localities, 
however,  the  leaves  are  dropped  just  before  flowering,  leaving  the 
tree  naked  for  a  short  time.  This  is  the  case  in  Alta  Vera  Pm, 
Guatemala,  where  a  type  with  narrow  leaves  and  very  thick-skinned 
fruit  prevails.  Whether  this  deciduous  character  is  peculiar  to  the 
variety  or  the  result  of  climatic  conditions  could  not  be  determined 
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The  seed  is  single,  inverted,  exalbuminous,  spherical,  or  pointed, 
>rovided  with  two  more  or  less  distinct  coats,  one  or  both  of  which 
nay  adhere  very  closely  to  the  cotyledons,  though  usually  separable 
it  the  base  of  the  seed ;  or  they  may  adhere  to  the  flesh  of  the  fruit 
md  separate  from  the  cotyledons.  This  latter  condition  is  observed 
nore  commonly  in  specimens  not  fully  matured.  The  surface  of  the 
>iiter  coverings  may  be  coarsely  reticulated  or  granular.  The  seed 
M>ats  are  frequently  produced  into  a  point  beyond  the  apex  of  the 
x>tyledons.  The  cotyledons  are  nearly  hemispherical  in  form,  white 
>r  light  green  in  color.  The  surface  of  some  forms  is  smooth;  in 
:>thers  rugose.  The  plumule  is  well  developed  before  the  fruit  ripens 
and  is  located  from  10  to  15  mm.  from  base  of  seed.  Concerning  the 
•needling,  Holm*  has  pointed  out  that  no  hypocotyl  develops.  He 
also  calls^  attention  to  the  curious  fact  that  the  first  four  leaves  are 
opposite  and  by  showing  a  differentiation  into  petiole  and  blade  more 
closely  resemble  the  mature  leaf  than  do  the  following  five  or  six 
leaves,  which  are  almost  scalelike. 

BOTANICAIi  AFFINITIES. 

The  genus  Persea,  to  which  the  avocado  belongs,  is  a  member  of 
the  family  Lauracete.  Among  the  other  more  important  economic 
members  of  the  family  are  cinnamon  {(^innamoninm  cinnamomum^ 
(L«,)  Cockerell),  camphor  {Cinnamomnm  camphora  (L.)  Nees),  and 
sassafras  {Sassafras  sassafras  (L.)  Karst.).  With  the  exception  of 
cinnamon,  they  are  used  chiefly  in  medicine.  The  avocado  is  the 
only  member  of  the  family  cultivated  for  its  edible  fruit. 

Mez,  in  his  monograph  of  the  family,^  describes  forty-seven  species 
of  Persea,  and  states  that  the  genus  is  confined  to  the  American  con- 
tinent, with  the  exception  of  one  species  in  the  Canary  Islands. 

On  the  contrary,  F.  Pax  ^  restricts  the  genus  to  ten  species,  only 
one  of  which,  /'.  persea  (L.)  Cockerell  {P,  (jratissima  of  Pax), 
belongs  in  America.  No  intimation  is  given  as  to  the  disposition  of 
the  other  American  species.  This  latter  author  divides  the  genus 
into  two  sections — Eupersea,  with  the  one  species  P.  persea^  and 
Alseodaphne,  with  nine  Old  World  species,  five  of  which  are  imper- 
fectly known. 

It  is  almost  impossible  to  come  to  any  satisfactory  conclusion  in 
regard  to  the  systematic  relationships  of  the  various  forms  of 
avocados,  for  the  present  classification  of  this  group  is  based  almost 

«  Bot  Gaz.,  July,  1809.  p.  60. 

>  Mez,  Carolus,  1889,  Lauracese  Auierlcaiije,  Jabrb.,  Kthiigl.-bot.  Gart.,  5 :  135. 

c  Engler  and  Prantl,  Die  NatUrlicben  rflanzenfamillen,  1889,  3 ;  2 :  114-115. 
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entirely  on  floral  and  foliage  characters,  and  in  most  cases  it  i? 
impossible  to  secure  flowers  or  leaves  from  the  individual  trees  whidi 
produc^ed  the  diflFerent  fruits.  This  is  especially  the  case  with  fmit 
collected  in  the  markets,  but  even  where  the  fruit  is  collected  from 
the  trees  no  flowers  will  be  present  at  the  time  the  fruit  is  mature,  and 
complete  material  can  only  be  secured  by  residents  or  by  repeated 
visits  to  the  same  locality  at  diflFerent  seasons. 

On  the  other  hand,  out  of  the  forty-seven  species  descril)ed  by  Ma 
twenty-six  have  the  fruit  unknown,  and  in  the  two  varieties  distin- 
guished from  the  typical  P.  persea  no  mention  is  made  of  the  fruit. 

The  diagnostic  characters  of  the  species  as  shown  in  this  author's 
key  to  species  are : 

Anthers  of  the  three  outer  series  fertile,  4-locellate;  ovary  pilose:  perianth* 
lobes  eqnnl  or  subequal ;  fllaments  two  and  one-half  to  three  times  as  long  as 
the  anthers :  stamlnodes  twice  as  long  as  the  stipe. 

With  regard  to  leaf  characters,  it  is  diflScult  to  draw  definite  con- 
clusions, as  the  characters  of  the  leaves  vary  greatly  at  different 
stages  of  the  tree's  development. 

VARIETIES. 

The  botanical  descriptions  of  varieties  of  the  avocado  are  in  nearly 
every  case  too  meager  and  too  general  in  their  terms  to  be  recog- 
nized and  are  in  every  case  based  on  floral  and  leaf  characters,  no 
mention  being  made  of  the  fruit.  Meissner  «  describes  four  varieties, 
as  follows: 

Var.  vulgaris.  Leaves  medium  sized,  mostly  3  to  4  Inches  long.  1|  inchw 
broad,  oval  or  ot)ovate;  flowers  short  i)edlceled.  West  Indies.  Central  and 
South  America. 

Var.  ohlonpa.  Leaves  long,  equally  attenuate  at  both  ends,  often  acute,  4  to 
0  inches  long,  li  to  2  inches  wide,  short  i^edioeled.  West  Indies.  Mexi«). 
Peru,  Brazil,  Mascareue  Islands,  Java. 

Var.  macrophyUa,  Leaves  larger,  (>  to  9  inches  long,  3  to  4i  inches  broad 
obovate  or  obovate-oblong,  acutely  acuminate,  short  i)edlcileti.  Eastern  Peru. 
British  Guiana,  Central  America,  Mexico. 

Var.  schiedcana.  leaves  ample,  9  inches  and  over  in  length,  3  to  41  inches 
broad,  obovate  and  oblong,  acute  or  obtuse,  young  leaves  wifh  a  thick  yellow 
tomentum,  veins  and  veinules  rather  accentuated  underneath,  panicles  temiintl 
bases  with  long  persistent  imbricate  bracts,  pedicels  rather  long.  Misantia, 
Mexico. 

Mez  ^  recognizes  two  varieties  as  differing  from  the  normal  type, 
one  of  which  is  the  schiecleana  described  above  and  which  is 
apparently  confined  to  Mexico ;  the  other,  drimyfolia^  also  confined  to 

o  Meissner,  in  De  Candolle,  I'rodromus,  15 : 1 :  53. 

^Mez,  Carolus,  1889,  Lauraceie  Amerlcanie,  Jahrb.,  Konigl.-bot  Gart^  ^:Ul 
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dCexico,  was  formerly  considered  a  distinct  species.    A  translation  of 
dls  description  of  the  latter  variety  is  as  follows : 
''a.rlety  drimyfolia. 

Differs  from  tlu'  normal  form  in  being  smoother;  leaves  oblong  lanceolate, 
narrowly  acute  at  base,  apex  acute  or  somewhat  acute,  below  glaucous. 

A  delicious  fruit  tree,  cultivated  in  tropical  regions,  and  from  thence  imix)rted 
nto  Burope.  In  Portugal  and  Sicily  it  winters  if  protected,  and  sometimes  pro- 
luces  mature  fruit.  Embryo  (according  to  Schomburgk)  often  with  3  cotyle- 
Ions,  and  frequently  germinating  on  the  tree.  According  to  Krug,  the  fruits  of 
tills  tree  come  true  to  seed,  and  it  is  not  necessarj'  to  graft. 

This  description  applies  best  to  the  hard-skinned  types  of  Guate- 
mala, the  peculiarities  of  the  fruit  of  which  seem  never  to  have  found 
their  way  into  literature,  and  it  is  probable  that  the  similarity  is  con- 
fined merely  to  the  dimensions  of  the  leaves. 

The  marked  differences  in  the  fruits  of  the  avocados  from  different 
localities  aiHs  recognizable  in  the  earliest  descriptions.  Hernandez's 
description  of  a  black  fruit  the  size  and  shape  of  an  egg  or  fig  corre- 
sponds well  with  many  of  the  small  black  forms  grown  in  Mexico  at 
the  present  time  and,  so  far  as  known,  not  occurring  elsewhere.  On 
the  other  hand,  all  the  early  writers  on  the  AVest  Jndias  describe  a 
much  larger  fruit  with  much  thicker  flesh. 

The  distinction  between  the  thick-skinned  and  thin-skimied  forms 
of  the  avocados  was  made  as  early  as  1590  by  Acosta,"  who  wrote : 

The  Palta  Is  a  great  tree,  and  carries  a  faire  leafe,  which  hath  a  fruite  like  to 
great  peares :  within  it  hath  a  great  stone,  and  all  the  rest  is  soft  meate,  so  as 
when  they  are  lull  ripe,  they  are,  as  it  were,  butter,  and  have  a  delicate  taste. 
In  Peru  the  Paltas  are  great,  and  have  a  very  hard  skale,  which  may  be  taken 
off  whole.  The  fruite  is  most  usual  in  Mexico,  having  a  thinne  skinne,  which 
may  be  peeled  like  an  apple:  they  hold  It  for  a  holesome  meate,  and,  as  I  have 
said,  it  declines  a  little  from  heat. 

It  is  worthy  of  note  that  the  earliest  account  of  the  avocado  in  the 
West  Indies,  by  Hughes,*  describes  a  hard-skinned  type,  yet  so  far  as 
known  this  type  does  not  exist  in  the  West  Indies  at  the  present  time. 
The  description  referred  to  follows : 

This  is  a  reasonable  high  and  well-spread  Tree,  whose  leaves  are  smooth,  and 
of  a  pale  green  colour :  the  Fruit  is  of  the  fashion  of  a  Fig,  but  very  smooth  on 
the  outside,  and  as  big  in  bulk  as  a  Slipi)er-Pear ;  of  a  brown  colour,  having  a 
stone  in  the  middle  as  big  as  an  Apricock,  but  round,  hard  and  smooth ;  the  outer 
paring  or  rinde  is,  as  it  were,  a  kinde  of  a  shell,  almost  like  an  Ac*orn-sheIl,  but 
not  altogether  so  tough ;  yet  the  middle  substance  ( 1  mean  between  the  stone 
and  the  paring,  or  outer  crusty  rinde)  is  very  soft  and  tender,  almost  as  soft  as 
the  pulp  of  a  Pippin  not  over-roasted. 

It  groweth  in  divers  places  in  Jamaica ;  and  the  truth  is,  I  never  saw  it  else- 
where: but  it  is  possible  it  may  be  in  other  Islands  adjacent,  which  are  not  much 
different  in  Latitude. 

a  History  of  the  Indies,  Hakluyt  Society  ed.,  1 :  250. 
t>  Hughes,  W.,  1G72,  The  American  Physitian,  40-42. 
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I  Deyer  heard  it  called  by  any  other  name  then  the  Spanish  Pear,  or  \tj 
the  Shell-Pear ;  and  I  suppose  it  is  so  called  only  by  the  English  (knowiog  ea 
other  name  for  it)  because  it  was  there  planted  by  Spaniards  before  our  Cum- 
trymen  had  any  being  there ;  or  else  because  it  hath  a  kinde  of  shell  or  crortj 
out-side. 

I  think  it  to  be  one  of  the  most  rare  and  most  pleasant  Fruits  in  that  Island: 
ft  uourisheth  and  strengtheneth  the  body,  corroborating  the  vital  spirits.  aoA 
procuring  lust  exceedingly :  the  Pulp  being  taken  out  and  macerated  in  sone 
convenient  thing,  and  eaten  with  a  little  Vinegar  and  Pepper,  or  several  a^er 
ways,  is  yery  delicious  meat 

GEOORAPHIGAIi  TYPES. 

In  nearly  all  parts  of  the  American  Tropics  there  is  great  variety  in 
the  forms  of  the  avocado,  yet  comparatively  few  have  received  dis- 
tinctive names,  and  only  a  very  few  have  found  their  way  into 
literature.  In  the  Revue  Horticole,  1900,  page  546,  D.  Bois  describes 
nine  Mexican  varieties  as  follows : 

Dulce  largo,  green,  in  form  of  a  gourd,  with  a  long  neck  ;  seed  large. 

De  tecosautla,  dark  green,  with  ovoid  seed. 

Pagua,  large,  spherical,  purple  in  color,  with  a  large  seed. 

Morado  de  Chalco,  pear-shaped,  pun^Hsh. 

Dulc€f  large,  green,  oblong,  with  whitish,  ovoid  seed. 

Pagua  redonda,  round,  green,  with  a  very  large  reddish  seed. 

Verde  de  San  Angel,  light  purplish,  i)ear-shaped. 

Morado  de  San  Angel,  light  purple ;  seed  ovoid. 

Verde  chico,  small,  green,  with  an  elliptical  seed. 

These  same  varieties  appear  in  slightly  different  form  in  Sagot's 

Manuel  Pratique  des  Cultures  Tropicales,  page  157. 

Sagra  **  mentions  four  forms  from  Cuba,  as  follows : 

Violet,  almost  round. 

Thick  green,  round,  with  yellowish  flesh  of  a  spongy  consistency. 

Long  yellow,  similar  to  a  large  pear. 

Long  green. 

There  is  little  to  be  gained  in  attempting  to  identifj'  these  forms, 
as  none  of  the  characteristics  of  economic  importance  are  mentioned, 
and  from  observations  made  in  Mexico  it  appears  probable  that  these 
forms  merge  into  one  another  with  many  imperceptible  gradations. 

The  author  has  had  the  opportunity  of  studying  avocados  in 
Porto  Rico,  Guatemala,  Costa  Rica,  and  Mexico ;  and  from  the  fruit 
that  has  come  under  observation  the  avocados  of  Mexico,  whik 
diverse  in  form  and  color,  seem  to  be  much  more  closely  related  to 
each  other  than  to  those  of  any  other  of  the  above-mentioned 
countries. 

As  much  of  the  fruit  was  obtained  in  markets,  it  was  often  im- 
possible to  determine  the  character  of  the  tree  on  which  any  particu- 

«  Sagra,  Ramon  de  la,  Historia  Fisica  Politlca  y  Natural  de  la  Isla  de  Cuba. 
11 :  186»  1863. 
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or  fruit  was  borne,  and  in  no  case  could  floral  and  fruit  characters 
•e  compared.  Aside  from  yield,  vigor,  and  hardiness,  however, 
tie  more  important  characteristics  of  a  variety,  from  a  conmiercial 
tandpoint,  can  be  determined  from  the  fruit  alone. 

In  a  general  way  each  of  the  countries  visited  exhibited  distinct 
ypes  of  avocados,  although  in  nearly  everj^  case  aberrant  forms  occur 
wrhich  frequently  seem  to  be  associated  with  the  types  of  other  coun 
:ries.     In  many  such  cases  the  resemblance  is  probably  a  similarity 
in  formal  characters  rather  than  a  true  relationship. 

In  making  the  following  descriptions,  several  new  characters  have 
been  used,  such  as  the  nature  of  the  skin,  whether  it  is  hard  or  soft, 
thick  or  thin,  and  the  character  of  the  seed  coats,  believing  that  these 
are  of  more  importance  than  the  form  and  color  by  which  the  culti- 
vated varieties  have  usually  been  distinguished. 

Until  more  complete  botanical  studies  have  been  made  it  seems 
advisable  in  describing  the  different  forms  to  take  them  up  by  coun- 
tries.    The  names  applied  to  the  different  forms  are  merely  to  facili- 
tate reference.     It  seems  a  curious  fact  that  although  the  avocado 
has  a  great  variety  of  names  in  different  countries  the  different  forms 
in  any  particular  locality  rarely  receive  distinctive  appellations.     Thus 
in  Porto  Kico,  where  mangoes  that  to  the  casual  observer  appear 
identical  are  carefully  distinguished  and  provided  with  particular 
names,  the  many  varied  forms  of  avocados  are  all  called  "  aguacate  " 
without  further  distinction.     In  Mexico  also,  where  the  variety  is 
still  greater,  no  names  for  the  different  forms  could  be  elicited  from 
those  selling  the  fruits  in  the  markets,  although  the  qualities  of  the 
different  forms  were  keenly  appreciated  and  willingly  pointed  out. 

As  might  be  expected,  there  are  several  countries  that  claim  to 
produce  the  finest  avocados,  among  which  may  be  mentioned  Co- 
lombia, Hawaii,  Peru,  and  Brazil.  According  to  travelers  familiar 
with  the  Pacific  coast  of  tropical  America,  the  largest  and  finest 
avocados  come  from  the  vicinity  of  Tamaco,  in  Colombia.  These 
are  said  to  be  much  larger  than  those  of  the  Central  American  coast 
and  of  equally  fine  flavor. 

In  Brazil  the  finest  fruits  are  said  to  come  from  the  islands  of 
Marajo,  at  the  mouth  of  the  Amazon. 

As  with  most  fruits,  the  largest  and  fairest  are  not  always  the  best 
flavored.  The  delicate  nuttv  flavor  of  some  of  the  small  thin-fleshed 
kinds  of  Guatemala  is  seldom  equaled  in  the  large  thick-flashed 
varieties. 

GUATEMALA. 

The  avocados  of  Guatemala  form  a  very  distinct  group.  They 
are  at  once  the  most  marked  and,  from  a  commercial  standpoint,  the 
most  promising  type  for  introduction  into  our  tropical  possessions. 
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The  most  peculiar  characteristic  of  the  Guatemalan  ayocados  is  the 
unusual  texture  of  the  skin.  Unlike  the  Mexican  and  West  Indian 
tyi>es,  which  are  those  usuaUy  found  in  our  northern  markets,  the 
Guatemalan  fruit  is  covered  with  a  skin  so  thick  and  unyielding  that 
it  suggests  the  shell  of  a  nut.  If  pressed  inward  with  the  finger, 
instead  of  bending  or  tearing,  the  skin  breaks  with  a  granular 
fracture. 

To  judge  from  Acosta's  account,  the  avocados  of  Peru  have  a  skin 
similar  to  those  in  Guatemala,  though,  curiously  enough,  in  C<y=u 
Rica,  midway  between  these  two  countries,  not  a  single  hard-skinoed 
form  was  observed.  In  all  the  Guatemalan  varieties  the  seed  coats 
adhere  closely  to  each  other  and  to  the  cotyledons  over  nearly  the 
entire  surface.  In  this  respect  they  resemble  the  Mexican  and  differ 
from  the  Cuban  and  Porto  Bican  forms,  which  have  the  seed  coats 
distinct  from  each  other,  the  outer  coat  usually  adhering  to  the  fleslL 
The  flesh  of  the  Guatemalan  forms  frequently  contains  objectionable 
fibers,  but  in  many  cases  it  is  entirely  fiberless.  In  every  case  the 
line  of  division  between  the  flesh  and  the  skin  is  distinct,  and  the 
flesh  can  be  scooped  out  with  a  spoon  and  the  skin  scraped,  agreeing 
in  this  regard  with  the  Cuban  forms  and  differing  from  those  of 
Mexico  and  Porto  Rico,  where  there  is  no  marked  line  between  the 
flesh  and  the  skin,  and  where,  if  care  be  not  taken  in  using  the  spoon, 
portions  of  the  skin  are  taken  up  with  the  flesh.  Fruit  of  this  type 
is' borne  on  the  tall,  spreading  trees  common  in  Guatemala.  The 
leaves  are  narrower  and  longer  than  in  the  West  Indian  type,  about 
23  cm.  (including  the  petiole,  which  is  about  2.5  cm.)  by  7.5  cm. 
wide,  acuminate  at  the  apex,  tapering  at  the  base.  Leaves  smooth 
above,  with  depressed  veins;  below,  the  veins  are  prominent,  with 
numerous  fine  hairs,  and  the  surface  is  glaucous,  with  scattered  fine 
hairs. 

Although  in  a  general  way  belonging  to  one  type,  the  avocados  of 
Guatemala  that  came  under  the  writer's  observation  can  be  sepa- 
rated into  three  forms  capable  of  more  or  less  definite  delimitation. 

Thick-skinned  round  (PI.  V). — This  is  the  most  common  type  in 
the  eastern  part  of  Guatemala.  There  is  great  diversity  in  size  and 
quality  among  the  specimens  included  under  this  form,  and  some  of 
those  found  at  Guatemala  City  appear  to  be  distinct,  but  they  are 
not  easily  separated  by  formal  characters. 

Form  nearly  spherical ;  ix)lor  varying  from  dark  green  to  dark  brown  or 
nearly  black ;  skin  hard  and  unyielding,  breaking  rather  than  tearing,  never  less 
than  2  mm.  in  thickness,  granular  in  texture;  flesh  distinctly  differentiated 
from  the  skin,  often  separated  from  it  when  fully  ripe;  seed  as  broad  as  or 
broader  than  long,  rounded  at  the  apex.  The  two  seed  coats  are  so  united 
as  to  be  indistinguishable,  and  when  fully  ripe  adhere  closely  to  the  seed, 
except  at  a  small  area  near  the  base.  When  the  green  fruit  is  opened  the  seed 
coats  often  leave  the  seed  and  adhere  to  the  flesh. 
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The  better  specimens  of  this  and  the  following  form  are  probably 
he  most  promising  for  introduction  into  Porto  Rico,  owing  to  the 
hick  skin,  good  keeping  qualities,  and  fine  flavor.  In  the  warm  and 
extremely  moist  climate  of  Alta  Vera  Paz,  specimens  of  this  form 
vere  in  perfect  condition  two  weeks  after  picking.  Specimens  sent 
> V  mail  from  Coban  to  Washington,  while  overripe  on  arrival,  showed 
lo  outward  evidence  of  decav,  and  were  still  in  condition  to  withstand 
•ough  handling. 

Thick-skinned  oval  (PI.  IV). — This  description  was  drawn  up  to 
x>ver  two  specimens  purchased  at  different  times  in  the  market  of 
jruatemala  City. 

Form  oval  or  oblong ;  surface  roughened  with  knobs ;  skin  thick  and  unyield- 
ng,  breaking  rather  than  tearing,  granular  In  texture;  flesh  distinctly  differen- 
lated  from  the  skin ;  seed  longer  than  broad,  rounded  at  the  ar)ex,  covered  when 
•ipe  with  a  mealy  substance ;  coats  adhering  closely  to  the  seed  and  8ei>arating 
'rom  the  flesh  when  ripe. 

Soft-skinned  Guatemalan. — Fruit  pyrif orm ;  surface  slightly  rough- 
ened, shining,  skin  thick,  soft,  and  yielding,  tearing  rather  than 
t>reaking,  distinct  from  the  flesh;  flesh  free  from  fibers,  firm,  not 
iarker  near  the  skin.  Seed  almost  spherical,  with  the  outer  coat  pro- 
duced into  an  acute  point ;  seed  coats  closely  united  to  each  other  and 
Lo  the  cotyledons  except  at  the  base  and  apex. 

This  form  can  hardly  be  considered  a, true  Guatemalan  type,  as  it 
lacks  the  characteristic  hard  skin.  It  resembles  the  Cuban  type  in 
many  particulars,  but  differs  from  it  in  having  the  seed  coats  ad- 
hering closely  to  the  cotyledons  over  the  greater  part  of  the  surface 
and  in  having  the  outer  seed  coat  produced  beyond  the  apex  of  the 
cotyledons.     It  more  nearly  resembles  the  Costa  Rican  type. 

In  Guatemala  there  are  at  least  two  other  species  of  Persea  that 
yield  edible  fruit.  These  are  known  among  the  Indians  of  Alta 
Vera  Paz  by  the  names  "  coyo  "  and  "  coyocte."  Both  are  generally 
considered  very  inferior  fruits,  though  some  prefer  the  "  coyo  "  to 
the  avocado.  In  Alta  Vera  Paz  the  "  coyo  "  and  the  avocado  flower 
at  about  the  same  time,  but  the  fruit  of  the  "  coyo  "  ripens  at  least  a 
month  earlier,  a  fact  which  may  lend  interest  to  the  species  in  efforts 
to  extend  the  season. 

In  the  highlands  of  central  Guatemala  the  avocado  is  found  in 
regions  that  are  occasionally  subjected  to  temperatures  below  freez- 
ing. The  fruit  is  of  good  size  and  quality,  and  the  thorough  explora- 
tion of  this  region  offers  interesting  possibilities  in  the  securing  of 
more  hardv  forms. 

PORTO  RICO. 

The  avocados  of  Porto  Rico  (PI.  II),  although  showing  great 
diversity  of  form,  are  apparently  \QTy  closely  related,  indicating 
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possibly  that  they  are  the  result  of  a  single  introduction.  Company 
with  the  types  of  the  mainland  thus  far  studied,  their  aiBnities  M?eiii 
to  lie  with  Mexican  avocados.  From  these  they  are  distinguished 
chiefly  by  the  character  of  the  seed,  the  Porto  Rican  type  having  the 
two  seed  coats  distinct,  the  outer  usually  adhering  to  the  flesh,  the 
inner  more  or  less  closely  attached  to  the  cotyledons.  In  this  respect 
this  tyj>e  also  dilffers  from  all  the  continental  forms  thus  far  observed. 
From  the  avocados  of  Costa  Rica  it  is  further  distinguished  by  the 
texture  of  the  skin,  which  is  much  thinner  and  softer  than  the  Co<^ 
Rican  type.  In  this  latter  regard  it  is  still  further  separated  frooi 
the  Guatemalan  avocados  with  their  hard,  almost  brittle  skins.  Froni 
the  Cuban  type  it  is  separated  by  the  thinner  skin  and  the  fact  thai 
the  flesh  and  skin  are  not  sharply  diflFerentiated. 

Form  oval  or  pyriform,  with  or  without  a  prolonged  neck ;  color  green,  Dsually 
light;  surface  shining  and  almost  smooth;  skin  thin  and  soft,  tearing  nitlkT 
than  breaking;  flesh  not  differentiated  from  the  skin:  seed  spheritral.  oval.  «* 
slightly  |K>inted ;  the  two  seed  coats  entirely  distinct,  the  outer  usually  clinging 
to  the  flesh  and  tlie  inner  to  the  cotyledons. 

One  specimen  from  San  Jose.  Costa  Rica,  seems  to  corres|>ond 
closely  w^ith  the  Porto  Rican  forms,  the  only  difference  being  a 
slightly  thicker  and  more  distinctly  differentiated  skin. 

MEXICO. 

The  Mexican  varieties  show  the  greatest  diversity  of  form,  and  also 
i\  considerable  range  of  color.  With  the  exception,  however,  of  three 
special  forms  to  be  mentioned  later,  thej^  seem  to  intergrade  and  fomi 
a  connected  series.  Thev  are  at  least  much  more  closelv  related  to 
each  other  than  they  are  to  those  found  in  other  countries. 

Although  many  of  the  Mexican  avocados  were  of  really  excellent 
flavor,  none  were  seen  that  appeared  particularly  desirable  for  intn>- 
duction. 

The  following  is  a  general  description  covering  the  more  character- 
istic features  of  the  Mexican  tj^pe : 

Form  spherical,  oval,  oblong,  or  pyriform ;  color  varying  from  green  to  almost 
black ;  surface  shining  and  almost  smooth ;  skin  thin  and  soft,  tearing  rather 
than  bnmking;  flesh  not  differentiated  from  the  skin;  seed  spherical,  oval,  or 
pointed  ;  the  two  seed  coats  closely  united  and  usually  attached  to  the  see«l  over 
the  gi'Ciiter  i)art  of  its  surface. 

Taj^achnla  (PL  III). — This  sort  was  first  observed  at  Tapachula, 

Chiapas,  Mexico,  where  a  single  tree  was  found  growing  in  the  jiark. 

The  same  or  a  very  similar  variety  was  afterwards  found  in  Costa 

Rica. 

Form  of  fruit  olx)vate  or  slightly  pyriform;  color  bright  green;  surface  sliin- 
ing  and  with  slightly  raised  points  white  at  the  top;  skin  thin  and  leathery; 
flesh  but  imperfectly  differentiated  from  the  skin ;  seed  nearly  round.    Tlie  tree 
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H.tber  short  and  spreading.     The  leaves  broadly  acuminate,  almost  transverse 
it  base,  the  broadest  part  of  the  blade  usually  In  the  proximal  portion. 

This  is  apparently  one  of  the  most  desirable  of  the  thin-skinned 
K>rts.  Fully  matured  fruit  was  seen  neither  in  Mexico  nor  in  Co^ta 
Rica ;  consequently  the  character  of  the  seed  coats  could  not  be  deter- 
mined. The  Costa  Rican  specimens,  while  closely  resembling  the 
Mexican  tree  in  the  shape  of  the  leaves  and  habit,  as  well  as  in  the 
form  and  peculiar  markings  of  the  fruit,  differ  in  having  ovate  seeds, 
while  in  the  Mexican  specimen  the  seeds  are  nearly  round. 

Long  neck. — Of  the  two  samples  included  in  this  description  one 
is  from  Tapachula ;  the  other  was  purchased  in  the  Washington  mar- 
ket and  was  probably  from  Cuba.  The  resemblance  is  doubtless 
confined  to  formal  characters. 

Form  elongated,  with  a  very  long  curved  neck ;  color  green ;  surface  shining 
and  somewhat  wrinkled;  skin  soft,  tearing  rather  than  breaking;  flesh  distinctly 
differentiated  from  the  skin :  seed  decidedly  longer  than  broad,  rounded  at  the 
apex  ;  seed  cavity  extending  into  the  neck  Ijeyond  the  apex  of  the  seed;  the  two 
seed  coats  entirely  distinct. 

The  flavor  and  texture  of  this  form  are  very  good,  but  it  will 
probably  not  prove  to  be  a  good  shipper. 

Clinqatone, — This  most  aberrant  form  was  found  only  once  in  the 
City  of  Mexico.  It  is  so  very  different  from  the  ordinary  avocados 
that  it  would  seem  that  it  must  belong  to  a  distinct  species.  Nothing 
was  learned,  however,  concerning  the  nature  of  the  tree,  and  the 
natives  classed  it  with  the  other  "  aguacates." 

Form  elongated ;  color  light  green :  skin  soft  and  pliable,  the  surface  some- 
what shrunken  and  wrinkled ;  flesh  granular  in  texture  and  almost  tasteless, 
adhering  closely  to  the  seed:  seed  narrow  and  pointed;  the  two  coats,  if  they 
exist,  can  not  be  separated. 

The  oddity  of  this  form  is  its  only  recommendation. 

COSTA   RICA. 

The  avocados  of  Costa  Rica  show  a  greater  diversity  of  color  thun 
those  of  any  other  country  visited  by  the  writer,  ranging  as  the}-  do 
from  almost  white  to  black  through  various  shades  of  green,  red,  and 
purple.  There  is  also  a  great  variety  of  shapes.  Still,  with  the 
exception  of  the  ''yas''  (PI.  VIII), °  they  form  a  very  connected  series 

fl  lu  the  Troiienpflanzei*  for  September,  1908,  C\  Worckle  refers  this  fruit  to 
Persca  friyidu  Linden,  a  name  of  doubtful  validity.  It  is  excluded  from  Mez's 
Lauracea?  Americame  and  i>laced  among  the  species  whose  dei-criptions  were  un- 
known. The  statement  l)y  Werckle  that  this  species  extends  beyond  the  frost 
line  makes  it  of  possible  importance  for  hybridiziii«r,  should  it  be  desired  to 
extend  the  culture  of  this  fruit  into  sul)tropical  regions. 
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and  are  easily  distinguished  from  those  of  other  countries-    As  t 
group  they  may  be  characterized  as  follows: 

Fruit  spherical,  pyriform,  or  gourd-sliaped ;  color  green,  red,  purple,  or  neArtr 
black ;  skin  ratber  thick,  soft,  distinct  from  the  flesh.  Seed  spherical  or  with 
only  the  outer  seed  coat  produced  into  a  point ;  seed  coats  closely  united  to  eaefa 
other  and  to  the  cotyledons  over  almost  the  entire  surface. 

In  the  market  at  San  Jose,  Costa  Rica,  one  specimen  was  found 
that  could  not  be  distingiiished  from  the  common  Porto  Rican  type 
except  that  the  skin  was  somewhat  thicker  than  any  observed  in  Porto 
Rico.  A  few  samples  of  a  form  not  elsewhere  seen  were  also  foand 
in  the  same  market.  These  were  slender  nocked,  with  the  seed  cavity 
extending  into  the  neck,  the  seed  was  oblong,  the  skin  very  thin  and 
not  distinct  from  the  flesh,  which  was  slightly  darker  near  the  skin. 
These  specimens  had  a  very  fine  flavor  and  would  be  desirable  for 
local  consumption ;  the  thin  skin,  however,  would  probably  prevent 
their  being  successfully  shipped.  Of  the  ordinary  type  none  was 
seen  that  had  marked  desirable  qualities. 

CUBA. 

The  avocados  of  Cuba  are  closely  related  to  those  of  Porto  Rico, 
the  principal  differences  being  the  thicker  skin  of  the  Cuban  fruit 
and  the  fact  that  in  the  Cuban  forms  the  skin  is  quite  distinct  from 
the  flesh,  which  is  not  darker  near  the  skin.  The  thicker  skin  may 
explain  why  Cuban  fruit  reaches  New  York  in  better  condition  than 
that  of  Porto  Rico. 

Fruit  pyriform  or  nearly  spherical;  surface  smooth  and  shining;  skin  thictb. 
soft,  and  yielding,  tearing  instead  of  breaking,  distinct  from  the  flesh :  flesh 
free  from  fibers,  firm,  not  darker  near  the  skin.  Seed  nearly  spherical  or 
pointed;  seed  coats  entirely  distinct  from  each  other  and  from  the  cotyledons. 
Flavor  i)oor. 

Specimens  on  which  this  description  was  based  were  found  in  the 
Washington  market  and  were  said  to  have  come  from  Cuba  via  New 
Yoi'k.  The  flavor  was  very  insipid,  which  may  have  resulted  from 
the  fruits  having  been  picked  when  immature,  or  to  overripene^ 

HAWAII. 

A  series  of  specimens  shipped  from  Honolulu  to  New  York  shows 
a  soft-skinned  fruit,  in  general  like  the  avocados  of  Costa  Rica,  but 
much  larger. 

Form  oval,  oblong,  or  pyriform;  color  green  or  purple;  nearly  snMX>th. 
shining;  skin  soft,  of  varying  thickness;  flesh  distinctly  differentiated  from 
the  skin ;  seed  longer  than  brond,  variously-  shaped ;  the  two  seed  coats  usually 
united  and  adhering  to  the  cotyledons,  e.xcept  at  the  base  and  apex. 
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A  peculiarity  not  observed  elsewhere  is  that  of  maturing  several 
Fruits  in  a  cluster.  In  most  countries  all  the  fruits  of  a  cluster, 
ix^cept  one,  drop  when  very  small. 

CTTLTXntE. 

The  avocado  was  in  all  probability  planted  and  more  or  less  cared 
for  by  the  natives  of  America  before  the  advent  of  the  Spaniards,  for 
although  Oviedo  in  his  first  account  of  the  fruit  in  the  northern  part 
of    Colombia  says  that  the  Indians  apply  no  work  to  these  trees, 
he  later  adds  that  "  in  the  province  of  Nicaragua  they  are  placed  by 
liand  in  the  gardens  of  the  Indians  and  cultivated  by  them."    Their 
culture,  however,  must  have  been  of  the  crudest  sort,  limited  probably 
to  the  mere  planting  of  the  seeds,  perhaps  of  the  more  desirable  kinds, 
near  their  houses  and  affording  the  young  plants  some  slight  protec- 
tion.    Nothing  that  corresponds  to  culture  in  the  modem  sense  was 
applied  to  the  avocado  until  the  fruit  was  taken  hold  of  by  the 
planters  of  Florida. 

PROPAGATION    BY   SEED. 

The  avocado  tree  is  propagated  almost  entirely  by  means  of  seed, 
the  uniformitv  of  the  fruit  in  manv  localities  indicating  that  certain 
forms,  at  least,  come  true. 

Jjike  most  tropical  fruits,  the  seed  of  the  avocado,  if  dried,  will  not 
retain  its  vitality  for  any  length  of  time,  and  should  be  planted  as 
soon  as  possible  after  it  is  removed  from  the  fruit.  If  carefully 
packed  so  as  to  conserve  the  moisture,  the  seeds  can,  however,  be  kept 
alive  long  enough  to  permit  of  their  being  sent  to  any  part  of  the 
world.  A  very  successful  method  of  accomplishing  this  is  to  pack 
them  in  slightly  moistened  charcoal  placed  in  a  closed  receptacle, 
such  as  a  wooden  or  tin  box. 

It  is  recommended  that  the  avocado  be  planted  where  it  is  to 
remain,  as  the  long  taproot  makes  it  difficult  to  transplant.  If 
transplanted  when  small  this  will,  however,  be  no  great  obstacle. 
The  spacing  will  depend  largely  on  the  variety  and  the  location,  but 
should  be  from  15  to  30  feet. 

ASEXUAL  PROPAGATION. 

The  avocado  is  ordinarily  considered  a  refractory  subject  for  graft- 
ing or  budding.  Grafting  is,  indeed,  seldom  practiced,  but  the  prac- 
ticability of  budding  is  now  fully  demonstrated.  Rolfs**  gives  an 
account  of  the  methods  practiced  in  Florida,  where  the  matter  has 

a  The  Avocado  in  Florida.  Bui.  61,  Bureau  of  Plant  Industry,  U.  S.  Dept  of 
Agriculture. 
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received  the  most  attention.  The  chief  difficult}"  there  is  in  cau'siii^ 
the  buds  to  start  after  the}'  have  taken.  It  may  be  that  this  difficult? 
is  on  account  of  unfavorable  climatic  conditions,  for  at  the  Hope 
Gardens,  in  Jamaica,  Mr.  T.  J.  Harris,  under  the  direction  of  Hon. 
William  Fawcett,  has  budded  the  avocado  in  large  numbers  with  ihe 
loss  of  hardly  a  bud.  The  operation  is  successfully  jjerfomied,  not 
only  by  experienced  hands,  but  students  who  are  budding  for  the  firs* 
time  are  quite  as  successful  with  the  avocado  as  with  the  orange  or 
other  plants  which  ai^e  usually  considered  easy  to  bud.  Mr.  Harris's 
method  is  practically  the  same  as  that  recommended  by  Rolfs.  The 
only  difference  that  could  seem  of  any  importance  is  that  the  bud  i> 
simply  tied  with  raffia  instead  of  being  wrapped  with  waxed  cloth. 

Mr.  George  W.  Oliver,  of  the  United  States  Department  of  Agri- 
culture, stales  that  tlie  avocado  is  by  no  means  a  difficult  plant  to  b«A 
A  healthy  stock  is  considered  by  him  the  prime  essential,  and  this  is 
not  often  secured  in  the  greenhouses  of  the  North. 

If  the  method  of  patch-budding  with  old  wood  that  has  been  found 
successful  with  the  mango  can  be  used  with  the  avocado  it  would 
greatly  facilitate  the  introduction  of  desirable  varieties. 

SOIL. 

Like  a  great  many  tropical  plants,  the  avocado  is  less  exacting  in 
regard  to  soil  than  it  is  with  respect  to  climatic  and  other  condition<- 
The  drainage  and  the  amount  of  protection  that  the  soil  receives  from 
the  heat  of  the  sun  are  probably  the  most  important  factors.  Trees 
can  be  sc^en  growing  in  a  great  variety  of  soils,  but  always  in  local- 
ities with  good  drainage.  On  the  other  hand,  they  are  seldom,  if 
ever,  found  in  perfectly  open  places,  with  the  bare  ground  around  the 
roots  exposed  to  the  sun.  The  heavy  clay  soil  common  in  Porto  Bic<> 
seems  well  adapted  to  their  culture,  provided  the  trees  are  ])laced  on 
ground  sufficiently  sloping  to  secure  good  drainage.  The  avocado  is 
at  present  absent  from  the  low,  flat  lands  of  the  island,  and  it  is 
extremely  doubtful  whether  it  would  succeed  in  such  localities. 


CLIMATE. 


The  avocado  in  its  native  state  is  a  strictly  tropical  plant,  and  none 
of  the  varieties  thus  far  recorded  is  able  to  stand  any  but  the  lightest 
frosts.  Although  requiring  tropical  conditions,  it  thrives  best  in  a 
somewhat  more  moderate  climate  than  the  mango,  and  it  will  seldom 
be  seen  in  the  extremelv  hot  localities  where  the  mansfo  often  lux- 
uriates.  This  mav,  however,  be  due  to  a  lack  of  sufficient  moisture, 
as  well  as  to  the  high  temperature.  On  the  other  hand,  the  avocado 
will  be  found  gi-owing  at  much  higher  altitudes,  and  here  again  it  is 
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ot  plain  whether  the  reduced  temperature  or  the  increased  moisture 

^  the  determining  element. 

To  be  successfully  grown,  the  tree  must  be  planted  in  protected 
.ituations  if  the  locality  is  at  all  subject  to  high  w^inds;  for  the  wood 

s  not  strong  enough  to  withstand  any  severe  strain,  while  the  large 
fruit  would,  of  course,  be  beaten  off  by  any  high  wind  occurring  when 
.t:  was  reachinff  maturity. 

In  Guam,  according  to  Mr.  W.  E.  Safford,  although  repeatedly 
introduced,  the  avocado  has  never  succeeded,  owing  to  the  hurricanes, 
Tvhich  invariably  kill  the  trees  that  otherwise  do  well.  The  injury 
in  this  case  is  due  to  the  excessive  rainfall  as  well  as  to  the  high  wind, 
a  wet  situation  being  fatal  to  this  plant. 

CULTIVATION. 

The  avocado  is  seldom  regularly  cultivated,  so  that  little  can  be 
said  of  it  in  this  connection  except  in  the  way  of  conjecture.  The 
best  fruit  now  produced  is  probably  from  trees  that  receive  little  or 
no  care.  This  may,  however,  be  due  to  the  fact  that  the  countries 
where  such  fruit  is  grown  possess  superior  varieties  or  that  the  nat- 
ural conditions  are  more  favorable,  and  should  not  be  taken  as  indi- 
cating that  the  fruit  can  not  be  improved  by  cultivation.  In  Porto 
Tlico  the  trees  in  their  wild  state  are  such  prolific  bearers  that  there 
seems  little  to  be  desired  in  this  direction. 

The  avocado  would  probably  receive  little  or  no  benefit  from  hav- 
ing the  ground  about  its  roots  stirred,  as  it  is  almost  impossible  to  do 
this  and  prevent  washing  from  the  severe  rains,  and  it  is  much  better 
to  secure  protection  from  some  low-growing  plant  that  will  not  ex- 
haust the  soil.  Leguminous  plants  w-ould  doubtless  be  the  most  satis- 
factory, and  in  Porto  Rico  there  are  several  that  could  be  so  utilized. 
Some  useful  plant  belonging  to  this  group  might  serve  as  a  catch 
crop  and  at  the  same  time  afford  the  necessary  protection  to  the  soil. 

In  France  it  has  been  recommended  that  grafted  plants  be  grown 
on  fruit  walls,  in  the  same  manner  as  citrus  trees. 

IMPROVEMENT. 

If  experiments  in  improving  avocados  through  breeding  have  Ix^en 
tried  the  results  s(»em  never  to  ha^e  been  published.  Individual 
growers  must  have  done  more  or  less  selecting,  and  accounts  of  their 
results  would  doubtless  be  of  considerable  value  to  breeders. 

The  points  to  be  kept  in  mind  in  any  attempt  to  improve  the 
avocado  are:  (1)  Shipping  qualities.  (2)  uniformity,  (3)  extension  of 
season,  (4)  seed  reduction,  (5)  texture,  ((5)  flavor,  (7)  yield,  (8)  size, 
(9)  resistance  to  cold. 
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I 

SHIPPING    QUALITIES. 

To  the  growing  of  avocados  in  other  than  subtropical  regions  there 
is  perhaps  no  obstacle  so  great  as  the  difficulty  of  placing  the  fmh 
on  the  northern  markets  in  good  condition.  To  overcome  this^  more 
can  Ik?  expected  from  the  introduction  of  new  varieties  and  improvted 
methmls  of  packing  and  shipping  than  from  any  changes  brought 
about  by  cultural  means.  Any  advance,  however,  that  can  be  made 
in  the  keeping  and  shipping  qualities  will  be  of  the  greatest  impor- 
tance. 

Under  the  head  of  varieties  are  discussed  the  thick-skinned  forms 
grown  in  Guatemala,  and  their  introduction  into  Porto  Rico  bids 
fair  to  be  a  distinct  advance.  The  improvement  of  the  existing  forms 
in  this  resjxH*t  by  hybridization  and  selection  is,  as  with  all  other 
characteristics,  an  untried  field.  The  chief  drawback  is,  of  course, 
the  length  of  time  that  must  elapse  before  the  young  plants  reach 
fruiting  age.  The  tree  can,  however,  be  grown  with  little  care :  and 
with  the  experiments  carefully  outlined,  so  that  the  desired  results 
may  be  kept  in  view,  the  trouble  and  expense  would  not  be  great,  and 
in  time  some  really  valuable  results  might  be  expected. 

UNIFORMITY. 

"With  the  avocado,  as  with  other  fruits,  a  regular  market  can  only 
be  expected  when  there  is  a  regular  supply  of  a  uniform  product.  In 
Porto  Rico  the  fruit  varies  in  form  from  almost  spherical  to  those 
that  have  a  long,  curved  neck.  The  extremes  probably  represent 
distinct  wild  strains,  but  the  fruit  seems  to  come  true  to  seed  to  onlv  a 
limited  extent,  and  anything  like  perfect  uniformity  can  only  be 
expected  with  asexually  propagated  plants.  Rolfs «  shows  that  the 
varieties  in  Florida  do  not  come  true  to  seed. 

EXTENSION    OF   SEASON. 

Extension  of  season  is  an  important  desideratum,  especially  in  the 
direction  of  later  fruiting  forms,  the  desirability  of  which  is  consid- 
ered farther  on.  Advance  in  this  direction  is  likely  to  be  made  by 
the  introduction  of  new  varieties  and,  perhaps,  by  extending  the  cul- 
tivation of  the  trees  to  regions  of  more  continuous  moisture  where  the 
season  of  flowering  can  be  to  some  extent  controlled.  The  tree  flour- 
ishes in  many  localities  where  it  fails  to  bear  fruit,  and,  as  with  the 
mango,  this  sterility  is  usually  found  in  localities  of  almost  continu- 
ous humiditv.     Under  such  conditions  an  artificial  check,  such  as 

a  Rolfs,  P.  H.,  Bul.  61,  Bureau  of  Plant  Industry,  U.  S.  Dept  of  Agriculmre, 
1904. 
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root  pruning,  has  been  found  to  induce  flowering  and  the  setting  of 
fruit.  This  can  easily  be  overdone,  however,  in  which  case  the  trees 
will  bear  one  large  crop  and  then  die. 

Some  of  the  most  prolific  trees  are  those  grown  in  rather  small 
depressions  of  porous  rock  in  southern  Florida,  where  the  plants  are, 
in  a  manner,  root-bound,  while  the  porous  nature  of  the  rock  affords 
good  drainage.  There  are  a  number  of  ways  in  which  the  growth 
may  be  checked  and  the  yield  increased.  The  baring  of  the  roots  to 
the  sun  would  appear  a  very  satisfactory  method.  A  custom  of  hack- 
ing the  trees  to  make  them  bear  is  practiced  by  the  Indians  of  Mexico. 
In  any  case  where  the  fruiting  is  induced  by  artificial  means  the 
season  will  be  more  or  less  under  control. 

SEED  SEDUCTION. 

In  most  forms  of  avocado  the  seed  forms  a  considerable  proportion 
of  the  bulk  of  the  fruit,  and  its  reduction  is  to  be  desired.  As 
pointed  out  by  Rolfs,  it  is  important  that  the  seed  should  fill  the 
cavity,  as  otherwise  the  movement  of  the  seed  during  shipment 
damages  the  pulp. 

Modem  discoveries  in  evolution  and  plant  breeding  make  it  evident 
that  the  character  of  seedlessness  in  a  fruit,  though  rarely  secured, 
may  be  sought  in  either  of  two  ways:  (1)  If  the  plant  is  normally 
open  fertilized,  self-fertilization  and  selection  for  a  number  of  gen- 
erations will  in  many  cases  produce  sterility,  and  consequently  seed- 
lessness. (2)  By  artificially  pollinating  the  flowers  with  pollen 
from  a  variety  or  species  so  far  removed  that  the  fertilization  is  im- 
perfect, the  exocarp  or  other  parts  of  the  fruit  that  are  entirely  the 
product  of  the  female  parent  may  develop,  while  the  seed,  which  is 
the  result  of  the  union  of  the  male  and  female  elements,  remains 
small  or  is  aborted  entirely. 

As  the  avocado  is  open  fertilized,  the  first  method  mentioned  is 
perhaps  more  simple,  but  will  take  more  time,  and  this  is,  of  course,  a 
great  disadvantage  with  fruits  that  are  so  long  in  coming  to  bearing. 

The  second  method  necessitates  sufficient  skill  to  effect  hybridiza- 
tion, and  this  of  the  most  difficult  kind,  but  has  the  advantage  of 
securing  much  quicker  returns. 

The  element  of  time  is  of  so  much  importance  that,  if  possible,  all 
methods  should  be  tried  simultaneously. 

Rolfs*  states  that  a  seedless  avocado  has  been  discovered  in 
Florida,  but  does  not  say  whether  the  fruit  is  otherwise  desirable 
or  not. 


«  Bui.  61,  Bureau  of  Plant  Industry,  U.  S.  Dept  of  Agriculture,  1904. 
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TEXTUBE. 


The  fine,  creamy  texture  of  the  avocado  plays  an  important  part 
in  wiiming  admirers  of  this  fruit.  If  free  from  fiber,  the  texture  is 
usually  not  unlike  that  of  very  soft  cheese.  Lack  of  uniformity  is 
the  greatest  danger,  for  if  the  flesh  is  uniform  and  free  from  fiber  ii 
leaves  little  to  be  desired.  The  manner  in  which  the  fruit  is  ripened 
probably  has  more  to  do  with  the  uniformity  and  nature  of  the 
texture  than  docs  the  variety.  Poorly  formed  fruit,  or  fruit  that 
has  been  picked  too  green,  will  often  have  the  flesh  soft  and  dis- 
colored in  some  places,  usually  near  the  skin,  while  the  remainder 
is  hard  and  unripe.  Careless  packing,  so  that  the  fruit  is  subjected 
to  pressure  at  some  point,  will  also  bring  about  this  undesirable 
condition.  For  shipping,  the  fruit  must,  of  course,  be  picked  green, 
and  to  insure  uniformity  in  ripening  it  must  be  packed  with  the 
greatest  care. 

FLAVOB. 

So  far  as  observed,  the  most  delicious  and  highly  flavored  avocados 
are  some  of  the  small,  thick-skinned,  and  thin-fleshed  forms  of 
southern  Mexico  and  Central  America.  The  .advantage,  however, 
is  slight,  there  being  much  more  uniformity  in  the  flavor  of  the 
different  forms  of  the  avocado  than  in  most  fruits.  A  really  poor 
or  disagreeable  flavor  has  never  been  noted,  except,  perhaps,  in  cases 
where  the  fruit  ripened  unevenly,  and  then  it  is  usually  due  to  the 
part  eaten  being  either  green  or  overripe.  Improvement  in  this 
character  might  slowly  be  brought  about  by  selection,  or  perhaps  by 
crossing  with  some  of  the  small  and  more  highly  flavored  forms. 

YIELD. 

Avocados  have  been  subjected  to  careful  cultivation  for  such  a 
short  time  that  little  is  known  concerning  the  conditions  that  influ- 
ence yield.  As  with  most  tropical  plants,  climate  has  probably  a 
greater  influence  than  soil,  and  judging  from  the  fact  that  in  nature 
the  trees  frequently  drop  their  leaves  before  the  fruit  matures,  it  may 
be  expected  that  a  rather  decided  alternation  of  wet  and  dry  seasons 
is  an  essential. 

In  Hawaii  it  appears  that  several  fruits  in  the  same  cluster  mature. 
This  has  never  been  observed  in  Central  America  or  the  West  Indies, 
where  large  numbers  of  the  fruits  set,  but  all  but  one  of  each  cluster 
drop  while  still  young. 

If  commercial  fertilizers  are  applied,  it  would  seem  that  the  proper 
time  is  inunediately  after  the  young  fruits  •hay^.sc^ 
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SIZE. 


largest  avocados  that  have  come  to  our  immediate  notice  are 
in  Porto  Rico.  (PL  II.)  Travelers  in  Colombia,  however, 
much  larger  fruit,  and  both  Hawaii  and  Florida  probably 
•cxiuce  fruit  as  large  or  larger  than  any  in  Porto  Rico.  Large  size 
t:lie  avocado  is  not  such  a  prime  assential  as  with  many  fruits. 
ven  a  medium-sized  fruit  is  usually  large  enough  for  two  people, 
id  large  samples  might  with  a  certain  class  of  buyers  be  less  desir- 
t>le.  Of  course,  this  should  not  be  taken  to  mean  that  a  tree  that 
ea,jrs  large  fruit  is  less  desirable  than  one  that  bears  small  fruit,  but 
nly  that  it  might  not  be  well  to  go  to  much  trouble  or  expense  to 
acixre  varieties  that  excel  only  in  size.  With  improved  cultivation 
he  size  of  the  fruit  will  doubtless  be  increased  to  some  extent  with- 
A\t  the  introduction  of  new  forms. 


RESISTANCE   TO   COLD. 


An  avocado  able  to  withstand  slight  frosts  would  place  the  industry 
in  Florida  and  California  on  a  much  more  secure  footing.    Forms 
having  this  quality  are  likely  to  be  found  in  the  highlands  of  Central 
America  and  Mexico.     A  form  from  Monterey  that  withistands  light 
frosts   has  already   been  introduced   into   California   and   Florida. 
With  this  form  the  blossoming  season  is  so  early  that  in  California 
the  cold  weather  frequently  destroys  the  crop.     The  importance  of 
more  hardy  forms  is  apparent  from  the  statement  of  certain  Cali- 
fornia growers  that  if  relieved  of  the  danger  and  loss  from  frosts 
the  avocado  would  be  the  most  profitable  fruit  to  grow,  there  being  a 
ready  market  and  good  prices. 

DISEASES. 

» 

The  only  diseases  of  the  avocado  thus  far  reported  are  those  men- 
tioned by  Rolfs"  as  occurring  in  Florida.  Similar  diseases  doubt- 
less exist  in  other  localities  and  will  be  reported  as  soon  as  the  cul- 
ture receives  the  same  attention  that  has  been  given  it  in  Florida. 

Trees  of  the  round  thick-skinned  form  growing  in  Guatemala 
were  found  to  have  their  leaves  badly  infested  with  galls  and  also 
were  eaten  by  a  caterpillar.  Apparently  the  same  galls  were  here 
found  growing  on  the  wild  relative  of  the  avocado — the  "  coyo.'' 

D.  L.  Van  Dine  *  figures  an  avocado  leaf  infested  with  mealy  bug. 
So  far  as  known  the  flesh  of  the  fruit  is  never  troubled  with  insect 


a  Bui.  61,  Bureau  of  Plant  Industry,  U.  S.  I>ept.  of  Agriculture,  liX>4. 
» Insecticides  for  Useip,  Tj»gnJI|_Hiil^  3,  Hawaii  Agricultural  Experiment 
Station,  1903.  j^^^vs^^'^^^^i.  ^ 
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pests,  a  remarkable  fact  if  true,  for  the  flesh  would  seem  to  form  an 
ideal  medium  for  their  depredations. 

The  seeds  of  some  of  the  smallest  forms  in  the  City  of  Mexico  were 
found  infested  with  the  larvae  of  an  insect,  and  at  Tapachula,  Mexico, 
the  cotyledons  frequently  showed  large,  black  excrescences,  the  nature 
of  which  could  not  be  determined.  Neither  of  these  troubles  ap- 
peared to  injure  the  fresh  fruit,  but  if  the  fruit  was  kept  for  any 
length  of  time  they  might  become  sources  of  decay. 

In  Jamaica  a  fungous  disease  that  affects  coffee  trees  is  said  to  be 
definitely  associated  with  the  roots  of  dying  avocado  trees.  It  is 
described  in  the  following  extract :" 

A  coffee  planter  suffered  serious  losses  from  the  sudden  dying  out  of  tret« 
on  certain  fields.  As  guano  had  been  employed  as  a  fertilizer  on  these  lands 
some  years  before,  the  planter  attributed  the  mischief  to  the  fertiliser. 

On  visiting  the  cultivation,  I  found  that  the  damage  was  caused  by  a  root 
fungus  and  that  there  was  a  definite  connection  between  the  roots  of  dying  or 
dead  rfvocado  i^ear  trees  and  the  affected  coffee.  Microscopic  examination 
confirmed  this  view.  I  have  examined  similar  samples  from  other  parts  of  tbe 
island  which  confirm  the  view  that  the  pear  should  not  be  grown  on  any  lands 
intended  for  subsequent  cultivation. 

THE  AVOCADO  IN  POBTO  RICO. 

With  the  possible  exception  of  the  pineapple,  the  avocado  is  per- 
haps the  only  fruit  which  Porto  Rico  is  at  present  producing  of 
sufficiently  high  quality  to  enable  it  to  compete  successfully  with 
the  fruits  furnished  by  the  more  highly  developed  tropical  regions. 
The  quantity  is  also  sufficient,  although  the  season  is  at  present  short, 
to  warrant  the  opening  of  a  trade  with  the  United  States. 

First  among  the  difficulties  is  the  fact,  already  noted,  that  the 
public  is  at  present  little  acquainted  with  this  rather  unusual  form 
of  fruit.  There  is,  however,  already  demand  enough  to  show  that  it 
is  likely  to  suit  the  American  taste.  Again,  the  fruit  reaches  our 
public  in  such  small  quantities  that  few  have  a  chance  to  test  it 

That  Porto  Rico  does  not  participate  in  the  small  consignments 
that  are  now  received  in  the  United  States  is  largely  owing  to  the 
difficulty  in  shipping  the  fruit  so  that  it  will  reach  its  destination  in 
a  marketable  condition.  With  the  varieties  now  in  Porto  Rico  it 
seems  doubtful  whether  this  can  be  done  except  by  shipment  in  cold 
storage.  There  are  numerous  other  difficulties  with  the  present  con- 
ditions which  would  have  to  be  taken  into  account  before  success 
can  be  assured.  The  trees,  though  numerous  in  the  aggregate,  are 
so  scattered — ^there  being  no  plantations — ^that  it  is  difficult  to  secure 
anything  like  uniformity  in  the  shipments.    The  natives  allow  the 

«  H.  H.  Cousins,  June  23,  1904,  Supplement  to  Jamaica  Gaxette,  194. 
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to  become  nearly  ripe  before  it  is  gathered,  in  which  condition 
i4  'will  probably  not  ship  well  even  in  cold  storage.  The  fniit  is  not 
aameliilly  gathered,  but  is  knocked  off  the  trees,  a  method  which  com- 
pletely destroys  the  keeping  qualities  of  the  varieties  now  growing 
in  Puerto  Rico. 

Tlie  shortness  of  the  season  is  another  obstacle  in  the  way  of  mak- 
ing the  shipping  profitable.  This  can  probably  be  lengthened  to  a 
considerable  extent  bv  the  introduction  of  new  varieties  and  the 
prop)er  selection  of  the  localities  where  the  fruit  is  grown.  Ship- 
ments made  from  Porto  Rico  would,  however,  fare  much  better  if 
they  could  be  supplemented  by  shipments  from  other  countries  in 
"which  the  fruit  ripens  at  a  different  season.  Porto  Rico,  Mexico, 
Central  America,  Hawaii,  Florida,  and  California  can  probably 
supply  the  United  States  with  avocados  throughout  the  entire  year. 

By  placing  the  fruit  in  cold  storage  it  would  doubtless  reach  New 
York  in  a  salable  condition.  This  would  be,  however,  a  continuous 
expense,  even  if  it  were  found  that  the  fruit  was  uninjured,  and  a 
variety  that  will  ship  at  ordinary  temperatures  would  have  decided 
advantages.  That  such  varieties  exist  is  demonstrated  by  the  success- 
ful shipment  of  Cuban  fruit.  It  is  furthermore  believed  that  the 
thick-skinned  varieties  of  Guatemala  will  prove  even  better  keepers 
than  those  of  Cuba. 

In  establishing  the  industry  in  Porto  Rico  the  first  step  is,  conse- 
quently, the  introduction  of  better  shipping  varieties. 

THE  AVOCADO  IN  HAWAII. 

Very  fine  avocados  are  grown  in  the  Hawaiian  Islands,  particu- 
larly on  Oahu,  in  the  vicinity  of  Honolulu. 

The  chief  difficulty  here  is  the  danger  from  high  winds,  confining 
the  industry  to  sheltered  localities. 

Prices  in  Hawaii  are  high  in  comparison  with  most  regions  where 
the  fruit  is  grown,  and  San  Francisco  affords  a  ready  market.  On 
page  40  is  a  short  account  of  an  experimental  shipment  in  cold 
storage,  showing  that  by  this  means  the  fruit  can  be  shipped  not 
only  to  San  Francisco,  but  to  points  as  distant  as  New  York. 

THE  AVOCADO  IN  FliOBLDA. 

The  culture  and  propagation  of  the  avocado  have  recently  received 
greater  attention  in  Florida  than  in  any  other  locality.  A  special 
bulletin  on  the  subject  by  Mr.  P.  H.  Rolfs,  pathologist  in  charge  of  the 
Subtropical  Laboratory  at  Miami,<»  gives  the  status  of  the  culture  in 
that  region,  together  with  directions  for  cultivation,  asexual  methods 
of  propagation,  descriptions  of  forms,  etc. 

«  Bui.  61,  Bureau  of  Plant  Industry,  U.  S.  Dept  of  Agriculture,  1904. 
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In  spite  of  the  fact  that  nearly  all  of  the  avocados  north  of  the 
southern  end  of  Merritts  Island  were  killed  to  the  ground  by  the  freexe 
of  1804-95,  showing  the  avocado  to  be  no  more  hardy  than  the  mangcK, 
planters  have  been  by  no  means  discouraged.  Orchards  of  consid»'- 
able  size  exist  and  the  asexual  propagation  of  the  better  forms  is  being 
rapidly  pushed.  There  seem,  however,  to  be  but  two,  or  possably 
three,  well-marked  types  in  Florida,  and  the  chances  of  securing  desir- 
able varieties  for  asexual  propagation  might  be  greatly  increased  by 
the  introduction  of  some  of  the  better  forms  from  Central  and  South 
America.  In  Florida  the  shipping  quality  of  the  fruit  is  not  of  such 
prime  importance  as  in  Porto  Rico,  and  consequently  the  choice  of 
varieties  should  differ  in  the  two  localities. 

THE  AVOCADO  IK  GAIiIFOBNIA. 

The  growing  of  avocados  in  California  is  at  present  restricted  to 
the  very  limited  frost- free  areas.  In  many  localities  where  the  frosts 
are  very  light  they  would  do  little  or  no  damage  did  they  not  occur  at 
the  time  of  blossoming,  thus  destroying  the  crop. 

A  slightly  later  flowering  variety  would  avoid  this  and  considerably 
extend  the  range  of  culture. 

There  is  a  good  local  market  for  avocados  in  California,  prices 
being  fully  as  high  and  the  fruit  as  popular  in  San  Francisco  as  in 
the  eastern  cities. 

BEABING  AGE  AND  LIFE  OF  TREE. 

In  favorable  localities  avocado  trees  will  come  into  bearing  about 
the  fourth  year  from  the  seed.  In  more  temperate  regions,  like 
southern  Europe,  it  requires  six  or  seven  years.  Budded  or  grafted 
trees  should  come  into  bearing  somewhat  earlier.  If  the  tree  makes  a 
good  growth,  the  yield  should  continue  to  increase  until  the  tenth  or 
twelfth  year. 

The  next  point  to  be  considered  is  the  probable  life  of  the  tree. 
Ramon  de  la  Sagra  gives  this  as  about  80  years.  This  is  probably  not 
a  high  estimate,  for  very  old  trees  are  common  in  most  tropical 
countries.  In  the  opinion  of  Mr.  Henry  Davis"  trees  are  still  grow- 
ing in  the  northern  part  of  Peru  which  antedate  the  advent  of  the 
Spanish  settlers.  Some  of  these  trees  are  fully  three  feet  in  diameter. 
Neither  do  old  trees  appear  to  become  less  productive. 

YIELD. 

The  yield  of  an  avocado  tree  when  in  full  bearing  is  quoted  as  rang 
ing  from  50  to  500  fruits.  In  Hawaii  the  yield  is  said  to  be  from  50 
to  250  fruits,  being  larger  in  alternate  years.     There  is  an  actual 

o  Hawaiian  Forester  and  Agriculturist,  2:  6C,  1905. 
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L-ecord  of  a  tree  in  California  that  yielded  500  fruits  in  its  eighteenth 
^ear.  In  Porto  Rico,  while  none  were  actually  counted,  the  average 
field  of  a  full-grown  tree  would  surely  seem  to  be  above  100. 

Rolfs  states  that  the  yield  is  usually  overestimated  owing  to  the 
fact  that  trees  with  few  or  no  fruits  are  overlooked.  An  orchard  of 
no  trees  of  bearing  age,  near  Buena vista,  Fla.,  was  found  in  1903  to 
yield,  an  average  of  only  10  fruits  per  tree.  The  most  prolific  tree 
bore  385  fruits. 

HABVESTING. 

TIME   TO   PICK. 

The  degree  of  maturity  which  the  fruit  should  attain  before  it  is 
picked  depends,  of  course,  on  the  length  of  time  it  must  be  kept. 
There  is,  however,  no  evidence  that  the  quality  is  improved  by  fully 
rij^ening  on  the  trees,  and  in  countries  where  the  fruit  is  gathered 
for  local  consumption  it  is  customary  to  pick  and  store  it  several  days 
before  eating. 

In  most  varieties  when  the  fruit  is  fully  ripe  the  seed  does  not 
entirely  fill  the  central  cavity,  but  whether  it  should  reach  this  stage 
before  picking  has  not  been  definitely  determined. 

This  failure  of  the  seed  to  fill  the  cavity  is  probably  due  to  a  slight 
shrinking  of  the  flesh,  the  result,  possibly,  of  evaporation  after  the 
fruit  has  ceased  to  receive  nourishment  from  the  tree.  The  beginning 
of  this  process  would  seem  to  indicate  the  maturity  of  the  fruit.  In 
the  absence  of  definite  information  it  seems  probable  that  the  best 
results  will  be  obtained  with  fruit  picked  when  fully  grown,  but 
before  it  has  begun  to  ripen.  Dybowski  ^  recommends  that  the  red 
varieties  be  picked  as  soon  as  they  begin  to  color  and  the  green  ones 
when  the  color  begins  to  become  lighter.  Many  of  the  green  varieties, 
however,  do  not  change  color  appreciably  on  ripening. 

METHOD   OF   GATHERING. 

The  picking  of  the  fruit,  although  a  matter  of  prime  importance, 
is  one  that  has  been  given  no  consideration.  In  Florida,  where  the 
avocado  has  received  the  most  careful  attention,  the  trees  seldom 
reach  a  height  at  which  it  is  impracticable  to  use  stepladders,  but  in 
the  Tropics,  if  the  trees  are  at  all  luxuriant,  they  place  most  of  the 
fruit  entirely  beyond  this  method  of  access.  In  these  countries  the 
fruit  is  usually  knocked  from  the  trees  with  long  poles  or  the  tree  is 
climbed  and  the  fruit  shaken  to  the  ground,  which,  of  course,  ruins 
its  keeping  qualities  and  causes  it  to  ripen  unevenly. 

a  Traits  Pratique  des  Cultures  Troplcales,  451,  1902. 
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Until  some  satisfactory  method  is  devised  for  gathering:  the  frai 
without  bruising  and  with  the  stems  attached,  the  shipping  quahtks 
of  the  fruit  from  tall  trees  are  likely  to  prove  unsatisfactory. 

The  wood  of  the-  avocado  tree  is  so  brittle  as  to  make  the  o»  of 
ladders  impracticable,  and  this,  together  with  the  fact  that  the  fniit 
is  borne  far  out  on  the  ends  of  the  branches,  also  makes  it  imptossibk 
to  gather  the  fruit  by  climbing  the  trees. 

It  would  seem  that  the  most  feasible  method  of  gathering  avocados 
would-be  the  using  of  some  form  of  mechanical  fruit  picker,  monntvd 
on  a  slender  pole.  Numerous  styles  of  this  implement  are  to  he 
found  on  the  market,  but  perhaps  none  will  answer  the  purpose  with- 
out alteration. 

The  fruit  picker  that  seems  best  adapted  is  one  that  has  a  cloth 
tube  along  the  side  of  the  pole  into  the  upper  end  of  which  the  fruit 
drops  and  down  which  it  slides  into  a  basket  attached  to  the  waist 
of  the  operator.  Most  of  the  pickers  of  this  type,  however,  have 
merely  claws  to  pull  the  fruit  from  the  trees,  and  it  maj'  be  necessary 
to  combine  this  cloth  tube  with  one  of  the  long  pruning  instruments 
that  are  on  the  market,  that  the  fruit  may  be  cut  and  not  pulled  from 
the  trees. 

Fruit  pickers  so  constructed  as  to  pick  the  fruit  by  cutting  the  stem 
are  on  the  market,  but  these  for  the  most  part  catch  the  fruit  in  a 
little  basket  or  bag  at  the  end  of  the  pole  and  necessitate  the  lower- 
ing of  the  picker  from  the  tree  after  two  or  three  fruits  are  picked. 
whereas  the  arrangement  first  described  need  not  be  lowered. 

C.  Riviere  «  calls  attention  to  the  fact  that  the  avocados  common  on 
the  south  side  of  the  Mediterranean  and  in  Madeira  and  the  Canary 
Islands  are  verv  short  stemmed  or  sessile,  whereas  the  American 
forms,  so  far  as  known,  all  have  comparatively  long  stems,  though 
varying  greatly  in  this  regard.  The  writer  also  calls  attention  to 
the  fact  that  the  long-stemmed  forms  are  more  desirable,  it  being 
difficult  to  pick  those  that  are  nearly  sessile  without  pulling  the  fruit 
from  the  stem  and  thus  injuring  the  keeping  qualities  of  the  fruit. 

PACKING  AND  SHIPPING. 

The  lack  of  good  shipping  qualities  in  the  avocado  is  probably  the 
most  serious  obstacle  to  the  rapid  development  of  the  industry  in 
the  West  Indies  and  is  certainly  the  chief  reason  why  Porto  Rico 
does  not  participate  in  the  small  shipments  that  are  now  made  to 
New  York.  That  it  is  possible  without  cold  storage  to  ship  avocados 
from  Cuba,  while  all  experiments  with  the  Porto  Rican  fruit  have 
proved  failures,  makes  it  evident  that  a  study  of  the  causes  of  this 
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difference  is  of  prime  importance.  It  is  believed  that  the  better 
keeping  and  shipping  qualities  of  the  Cuban  avocados  are  due  to  the 
characteristics  of  the  fruit  rather  than  to  differences  in  gathering 
or  packing.  Indeed,  this  might  be  inferred  from  the  appearance  of 
the  fruit,  that  of  Cuba  having  a  thicker  and  harder  skin  than  the 
Porto  Rican  forms.  The  introduction  of  the  thick-skinned  varieties 
from  Guatemala  should  give  Porto  Rico  a  decided  advantage,  for  it 
is  believed  that  the  Guatemalan  forms  will  prove  even  better  shippers 
than  those  of  Cuba. 

Though  avocados  are  successfully  shipped  from  Cuba,  Florida, 
Mexico,  and  other  places  to  northern  cities,  and  many  different  styles 
of  packing  are  employed,  little  can  be  learned  from  these  experiments 
as  to  the  best  method,  since  no  account  is  taken  of  the  variety  of  the 
friiit,  which  is  undoubtedly  a  more  important  factor  than  the  method 
of  packing.  That  avocados  from  Cuba,  wrapped  in  newspaper  and 
packed  in  large  crates,  have  come  through  in  better  shape  than  those 
from  Porto  Rico,  wrapped  in  tissue  paper  and  packed  in  crates  only 
one  layer  deep,  does  not  nece^arily  indicate  that  the  former  method 
of  packing  was  superior,  but  it  may  mean  that  the  Cuban  fruit  was 
such  a  good  shipper  that  it  kept  in  spite  of  the  inferior  method  of 
packing. 

From  a  comparison  of  the  different  methods  of  packing  that  are 
practiced,  taking  into  consideration  as  far  as  possible  the  nature  of 
the  fruit,  it  seems,  however,  that  the  avocado,  like  most  tropical 
fruits,  keeps  best  when  packed  in  such  a  manner  as  to  be  protected 
from  jars  or  any  undue  pressure  and  in  such  a  way  that  the  fruit 
is  well  ventilated.  Another  important  consideration  with  the  thin- 
skinned  forms  is  that  they  be  packed  so  that  the  individual  fruits 
do  not  come  in  contact  with  each  other,  for,  even  with  the  greatest 
care,  bruised  fruits  will  frequently  be  included.  These  will  rapidly 
decay,  and  if  not  isolated  will  induce  decay  in  those  with  which  they 
come  in  contact.  This  danger  is  much  less  with  the  thick-skinned 
forms. 

These  conditions  are  very  satisfactorily  met  by  packing  the  fruits 
in  fine  excelsior  or  some  similar  substance  in  rather  open  cases  that 
are  not  so  large  as  to  prevent  those  on  the  inside  from  being  ven- 
tilated. If  the  fruits  be  wrapped,  it  should  be  with  some  porous 
paper,  but  where  they  are  separated  from  each  other  this  precaution 
would  seem  unnecessary  or  even  detrimental. 

The  amount  of  ventilation  the  fruit  should  receive  undoubtedly 
depends  on  the  variety  and  still  more  directly  on  the  temperature, 
fruit  in  cold  storage  requiring  little  or  no  ventilation. 

The  best  results  in  the  shipments  to  New  York  of  avocados  from 
Cuba  have  been  obtained  with  the  fruit  wrapped  in  newspaper  and 
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packed  in  open  crates  but  one  layer  deep.  Tissue  paper  was  tried 
but  it  was  said  not  to  offer  sufficient  support  and  did  not  prove  « 
satisfactory  as  the  newspaper. 

Florida  growers  report  that  they  experience  no  difficulty  in  packiq 
their  fruit  so  that  it  reaches  the  northern  market  in  good  condition 
The  more  careful  shippers,  however,  pack  the  wrapped  fruit  ii 
excelsior. 

The  few  experiments  that  have  been  tried  in  shipping  Porto  Rioj 
avocados,  other  than  in  cold  storage,  have,  so  far  as  can  be  learned 
resulted  in  every  case  in  almost  complete  failure.  Little  could  bi 
learned  as  to  the  methods  of  packing  that  were  employed.  In  oiH 
case,  however,  the  fruit  after  being  wrapped  in  tissue  paper  waf 
again  wrapped  in  oiled  paper.  In  this  instance  the  fruit  was  pnic 
tically  all  rotten  when  it  reached  New  York.  It  seems  more  thai 
probable  that  the  fruit  would  have  shipped  better  without  the  oilei 
paper,  as  this  packing  would  very  effectually  prevent  all  ventilation 
a  necessity  at  all  ordinary  temperatures.  A  very  important  consid 
eration  in  the  keeping  qualities  of  fruit,  brought  to  the  writeri 
attention  by  Mr.  William  A.  Taylor,  of  the  Department  of  Agricul 
ture,  is  the  climatic  conditions  that  prevail  at  the  time  the  fruit  i 
packed.  Fruit  packed  in  a  dry  climate  has  been  found  to  keep  mud 
better  than  the  same  fruit  packed  when  the  atmosphere  is  moist 
This  is  doubtless  true  of  the  avocado  and  may  explain  the  successfd 
shipment  from  southern  Mexico  to  New  York  of  varieties  that  appeti 
to  differ  but  slightly  from  those  of  Porto  Rico. 

OOLB  STOBAGS. 

In  cooperation  with  Mr.  William  A.  Taylor,  pomologist  in  charigi 
of  field  investigations,  and  Mr.  Jared  G.  Smith,  director  of  th 
Hawaii  Agricultural  Experiment  Station,  an  experiment  was  tried  d 
shipping  avocados  in  cold  storage  from  Hawaii  to  New  York  City. 

Five  crates  of  avocados  were  packed  and  shipped  in  cold  storagi 
from  Honolulu  about  September  25,  reaching  San  Francisco  oi 
October  4.  From  San  Francisco  they  were  expressed  to  Lodi,  CaL 
and  during  this  transfer  they  were  exposed  to  air  temperatures  foi 
from  six  to  eight  hours.  At  Lodi  they  were  again  placed  in  iced  cai^ 
and  sent  directly  to  New  York  City,  where  they  arrived  on  October 
20.  The  fruit  was  consigned  to  Messrs.  Lane  and  Son,  who  forwarded 
samples  to  Washington.  It  will  thus  be  seen  that  the  fruit  w»^ 
thirty  days  in  transit.  Although  the  majority  of  the  samples  were 
found  to  have  suffered  from  the  long  trip,  some  of  the  lots  were  m 
good  condition,  thus  demonstrating  that,  with  a  knowledge  of  how  to 
handle  the  fruit,  even  the  more  delicate  forms  can  be  successfully 
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ped  in  cold  storage,  provided  the  fruit  is  not  more  than  three  or 

weeks  in  transit. 
tiat  this  experimental  shipment  was  hardly  a  fair  test  is  shown 
he  statements  of  Mr.  J.  E.  Higgins,  who  superintended  the  ship- 
r  of  the  fruit  at  Honolulu.     In  a  letter  to  Mr.  Taylor  he  says : 

>s1:  of  the  pears  were  by  no  means  representative.  Tlie  pear  season  was 
it  over  when  we  learned  from  you  that  there  was  an  oi)|X)rtunity  to  make 
experimental  shipment.  Tlie  fruits  were  inferior  in  size,  only  those  marlcecl 
(  beiiijET  first-class  si^ecimons  in  this  respect.  It  t)eing  the  end  of  the  season, 
fruits,  though  hard,  were  of  <»ourse  (juite  fully  matured.  The  fruit  was 
ed  several  days  before  tlie  sailing  of  the  steamer  an<l  was  held  in  cold 
age  until  It  could  be  rtn-eiv^Ml  at  the  ship. 

rtiipments  of  avocados,  made  at  air  temperatures,  are  frequently 
ced  in  cold  storage  as  s(K)n  as  they  reach  New  York.  This  process 
resorted  to  in  the  effort  to  hold  the  fruit  for  the  fall  trade,  and, 
>n  though  the  loss  be  heavy,  the  increased  price  still  makes  it  a 
>fitable  procedure.  There  is  a  very  uncertain  element  involved  in 
s,  for  with  fruit  that  appears  uniform  when  placed  in  cold  storage 
ne  comes  out  in  perfectly  scnind  condition,  while  the  remainder  will 
completely  decayed.  This  lack  of  uniformity  in  the  keeping  quali- 
s  is  probably  due  to  the  different  degrees  of  maturity  at  which  the 
ait  is  picked  and  to  the  conditions  to  which  it  has  been  subjected  in 
insit,  it  being  very  difficult  to  detect  such  differences  from  the  out- 
ird  appearance  of  the  fruit. 

As  to  the  best  temperature,  amount  of  ventilation,  method  of  pack- 
g,  etc.,  little  is  known.  Dybowski «  states  that  shipments  have  been 
ade  in  cold  storage  from  the  Antilles  to  France,  and  that  a  tempera- 
ire  of  2°  C.  (35.5°  F.)  was  found  the  most  satisfactory.  He  recom- 
tends  that  the  fruit  be  wrapped  in  paper  and  packed  in  excelsior, 
hipments  made  in  this  way  are  said  to  reach  France  in  good 
jndition. 

MARKETING. 

The  market  for  avocados  is  at  present  a  limited  one,  the  fruit 
eing  still  somewhat  of  a  novelty.  It  is,  however,  steadily  increasing 
nd  from  prescmt  indications  will  keep  pace  v;ith  the  supply.  The- 
ruit  is  already  fashionable,  and  if  uniformity  in  the  supply  both  as 
egards  quantity  and  quality  could  Ik»  secured  and  the  prii*es  some- 
i^hat  reduced,  as  could  well  be  the  case  were  large  quantities  of  the 
fruit  handled,  its  popularity  would  rapidly  increase. 

Lack  of  classification  is  perhaps  the  greatest  hindrance  to  the 
Jevelopment  of  a  regular  market.  P^-uits  more  widely  different  than 
*Ben  Davis"  and  "  Northern  Spy  "  apples  are  all  classed  as  avocados 
•without  further  distinction.     This  lack  of  classification   is  acccmi- 

«Trjiite  Pratique  des  Ciiltiires  Tropicnles,  450,  1902. 
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panied  with  a  corresponding  lack  of  uniformity  and  must  serioodj 
hinder  the  growth  of  the  trade.  Not  only  may  two  shipments  of 
avocados  be  totally  unlike,  but  the  individual  shipments  often  con- 
tain distinct  forms  of  a  widely  different  character.  Plates  VI  and 
VII  show  two  samples  from  the  same  box.  These  fruits,  so  distbct 
in  form,  were  no  less  different  in  flavor,  and  both  were  very  inferior. 
The  size  and  external  appearance,  as  well  as  the  price  (35  ceni^ 
apiece),  would  lead  one  to  expect  that  he  was  purchasing  fair  speci- 
mens of  the  fruit,  but  if  an  opinion  was  formed  from  such  specimens 
as  these  it  could  hardly  be  other  than  that  the  fruit  was  insipid  and 
in  no  way  worth  the  price  asked. 

In  sections  where  the  fruit  is  unknown  a  demand  is  more  rapidly 
created  by  inducing  hotels,  clubs,  etc.,  to  include  this  article  in  their 
menus  than  by  merely  exhibiting  the  fruit  in  the  markets,  for  while 
many  might  be  led  to  purchase  samples  of  this  strange  fruit  if  seen 
in  the  market,  they  would  frequently  be  ignorant  of  its  use  as  a 
salad,  in  which  case  they  would  probably  pronounce  it  insipid  and 
might  be  deterred  from  further  trials.  On  the  contrary,  anyone  tast- 
ing for  the  first  time  the  prepared  salad  would  usually  be  pleased 
and  would  be  likely  to  investigate  the  source  of  the  new  dish. 

In  Washington  this  fruit  has  sufficient  admirers  to  warrant  the  fre- 
quent insertion  of  a  notice  in  the  papers,  by  dealers,  to  the  effect  thst 
a  shipment  of  avocados  is  on  hand.  The  shipments,  though  snuJL 
are  fairly  regular,  and  there  are  one  or  two  places  where  the  fruit 
can  usually  be  found  during  the  season. 

In  the  present  state  of  the  market  there  is  nothing  like  a  fixed  price 
for  avocados.  In  New  York  and  Washington  the  usual  retail  price 
may  be  said  to  be  about  25  cents  for  good  fruit ;  60  cents  is,  however, 
frequently  asked  for  fine  fruit,  and  fair  specimens  can  sometimes  be 
purchased  as  low  as  10  cents.  This  low  figure  is,  however,  never 
reached  except  in  cases  where  large  shipments  have  failed  to  be  dis- 
posed of  and  the  fruit  is  in  serious  danger  of  spoiling. 

With  reference  to  the  San  Francisco  market,  Alexander  Cra« 
states :  ^ 

Sound  "  avocado  pears  "  always  meet  with  a  ready  market  in  San  Prandsca 
and  at  good  prices,  at  times  ranging  from  f2  to  $5  per  dozen,  retail,  for  good 
fruit.  Occasionally  ttiere  is  a  heavy  drop,  owing  to  the  arrival  of  overripe  & 
badly  packed  fruit  In  selecting  avocado  i^ears  for  distant  markets  see  ttat 
they  are  as  nearly  full  grown  as  possible,  but  hard.  On  no  account  should  the 
fruit  1)8  pluekeil  from  the  tree,  but  clipped  with  pruning  shears,  leaving  but « 
very  short  portion  of  the  stem — not  over  half  an  inch  In  length.  On  no  accooot 
must  any  leaves  be  packed  with  the  fruit,  or  the  horticultural  quarantine  officer? 
of  the  Pacific  ports  will  demand  the  unpacking  of  such  consignments,  as  occa- 
sionally a  few  scales  are  found  on  the  foliage,  but  not  on  the  fruit 

fl  Hawaiian  Forester  and  Agriculturist,  2: 67,  1902. 
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following,  taken  from  the  Crop  Reporter  of  the  Department  of 
<5ulture,  January,  1903,  gives  some  indication  of  the  prices  in 


ri'tih  regard  to  the  newer  fruits  wbich  are  attracting  attention  in  the  English 
I,  there  are  several  which  call  for  special  reference.    Among  such  are  the 
do  pears.    These  pears  are  high  priced,  selling  from  Is.  to  Is.  3d.  (24  to 
)  each,  retail. 

MARKET  SEASON. 


regular  season  for  avocados  is  in  the  summer  and  the  early 
fcrViinn,  the  bulk  of  the  fruit  being  received  during  the  months  of 
Jtgfust  and  September.     This  is  the  most  unfavorable  time  for  a 
>p>ical  fruit  of  this  kind  to  be  placed  on  the  market,  for  not  only 
i^ss  it  come  in  competition  with  the  fall  fruits,  but  at  this  time  large 
innbers  of  the  admirers  of  this  fruit  are  away  from  the  cities  at 
inuner  resorts,  and  in  order  to  reach  the  best  class  of  customers  the 
•txit  must  be  reshipped.     This  feature  of  the  trade  is  so  important 
kat  commission  merchants  can  afford  to  hold  the  f  niit  in  cold  storage 
>r  this  class  of  customers  until  they  return  to  the  cities,  and  this  in 
pite  of  the  fact  that  the  fruit  reaches  them  in  such  an  advanced 
tsige  that  but  a  very  small  percentage  is  salable  when  taken  from 
old  storage.    In  cities  like  New  York,  the  Cuban  and  Spanish  popu- 
BLtions  are  always  ready  to  purchase  avocados,  but  this  class  will  buy 
►nly  at  a  comparatively  low  price,  which  under  present  conditions 
serves  merely  to  protect  the  merchants   from   total  loss.     Florida 
arrowers  say  that  for  fruit  that  they  can  hold  until  the  latter  part  of 
September  or  into  October  they  can  ask  their  own  price.     It  will  thus  be 
seen  that  it  is  of  the  greatest  importance  to  secure  late-maturing  sorts. 
With  the  improvement  of  transportation  facilities  and  good  ship- 
ping varieties  the  northern  markets  can  probabW  be  supplied  with 
avocados  every  month  in  the  year.     In  fact,  February  is  probably  the 
only  month  during  which  no  avocados  are  received  in  New  York. 
Outside  of  the  regular  season,  however,  the  shipments  consist  of  a  few 
fruits  brought  in  the  ships'  ice  boxes.     Of  these,  the  earliest  are  said 
to  come  from  Colombia  and  the  latest  from  Santo  Domingo.     A  pos- 
sible schedule  would  be  as  follows:  Florida,  Porto  Rico,  and  Cuba, 
June  to  November;    Hawaii,  September  to  December;    Mexico,  De- 
cember to  March;   Central  America,  March  to  .June.     To  dealers  fa- 
miliar only  with  the  West  Indian  type  of  fruit  the  shipping  of  avo- 
cados from  such  distant  points  as  Central  America  will  seem  entirely 
impracticable.    The  keeping  qualities  of  the  thick-skinned  forms  of 
Central  America  make  this,  however,  not  at  all  impossible  provided 
the  picking,  packing,  and  shipping  be  handled  in  an  intelligent  man- 
ner.   Indeed,  small  shipments  have  already  been  made  from  the  City 
of  Mexico  to  New  York  via  Los  Angeles,  where  the  fruit  was  re- 
packed, and  this  with  a  comparatively  thin-skinned  variety. 


44  THE   AVOCADO. 

Viewed  from  the  standpoint  of  the  producer,  however,  the  qos- 
tion  is  not  how  can  the  market  be  supplied  throughout  the  entire  year, 
but  how  can  avocados  be  produced  in  our  own  possessions  at  a  tim 
to  command  the  best  prices,  loo  gwni  confidence  should  not  bf . 
placed  in  the  introduction  of  early  or  late  fruiting  varieties  fron ' 
other  countries,  for  the  season  of  fruiting  is  to  a  great  extent  tJr 
result  of  climatic  conditions,  and  an  earlv  fruitins:  form  in  Gatl^ 
mala  if  transferred  to  Porto  Rico  might  soon  become  no  earlier  than 
the  native  kinds.  In  a  general  way  the  fruiting  season  is  found  u* 
Ik»  about  the  beginning  of  the  rains.  In  Porto  Rico  different  parts  of 
the  island  exhibit  considerable  disparity  as  to  the  time  that  the  rain- 
begin,  and  by  carefully  selecting  localities  with  this  in  mind  the  sw- 
son  might  be  materially  extended.  Selection  for  this  character  would 
probably  be  well  repaid,  as  it  has  been  with  so  many  other  fruits,  bet 
unless  asexual  methods  of  propagation  are  practiced,  too  much  con- 
fidence should  not  l:>e  placed  in  the  ability  to  hold  this  or  any  other 
character  obtained  through  close  selection.  In  localities  with  com- 
paratively uniform  climatic  conditions  the  gi'owing  of  arocadoE" 
under  irrigation  might  have  important  advantages,  for  if  any  method 
of  artificially  inducing  the  plants  to  bear  should  be  successful  it 
w^ould  be  possible  to  control  the  season  by  checking  growth  at  the 
proper  time. 

METHODS  OF  SATDTG. 

By  far  the  most  conmion  method  of  eating  the  avocado  is  in  the 
form  of  a  salad.  As  such  it  is  eaten  raw  with  a  gi-eat  variety  of 
dressings  and  condiments.  Few  salads  are  so  easily  prepared  as  the 
avocado.  Usually  the  fruit  is  simply  cut  in  half  by  passing  a  knife 
through  the  skin  and  flesh  until  it  comes  in  contact  with  the  seed.  It 
wull  then  separate  into  two  cups,  forming  convenient  receptacles  for 
the  seasoning,  which  is  added  a  little  at  a  time  to  suit  the  taste,  and 
the  flesh  is  scooped  from  the  inside  of  the  cup  with  a  spoon.  One 
half  of  the  fruit  is  usually  sufficient  for  a  person  at  a  meal.  The  most 
common  dressing  is  salt,  pepper,  and  vinegar.  Oil  is  often  added, 
but  unless  the  oil  and  vinegar  are  beaten  into  a  mayonnaise  this^  , 
would  seem  superfluous,  as  the  fruit  is  itself  very  oily.  Lime  or 
lemon  juice  is  often  substituted  for  vinegar. 

While  the  novice  usually  ccmsiders  some  form  of  acid  necessary  t<> 
add  piquancy,  those  better  acquainted  with  the  fruit  frequently  eat 
it  with  salt  alone,  and  numv  think  that  even  salt  tends  to  mask  the 
delicious  nutty  flavor,  and  prefer  it  in  its  natural  state  without  any 
seasoning  whatever.  There  aie  a  few  people,  probably  of  New  Eng- 
land origin,  w^ho  eat  the  fruit  with  sugar  and  vinegar,  and  some  even 
profess  a  fondness  for  it  with  a  dressing  of  sugar  and  cream. 

If  it  be  desired  to  more  thoroughly  incorporate  the  dressing  the    ' 
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flesli  can  be  removed  from  the  skin  and,  after  mixing  the  whole,  can 
be  returned  to  the  skins  for  convenience  in  serving.  This  is  more 
ne&tly  accomplished  with  the  thicker  skinned  forms. 

In  Guatemala,  Porto  Rico,  parts  of  Mexico,  and  doubtless  else- 
where, the  avocado  is  sliced  raw  and  added  to  soups.  Even  a  small 
piece  of  the  soft  pulp  crushed  in  a  plate  of  soup  imparts  a  delicate 
flavor,  and  during  the  season  of  avocados  the  baskets  of  people  return- 
ing from  market  are  seldom  without  specimens  of  this  fruit.  In  the 
market  at  Cordova  the  little  piles  laid  out  for  individual  purchasers 
consisted  of  three  or  four  little  fruits  no  larger  than  walnuts,  with 
flesh  not  more  than  one-fourth  of  an  inch  thick.  As  better  fruit 
yvsis  not  to  be  had,  even  these  met  with  ready  sale,  so  indispensable  is 
this  article  of  diet  considered. 

In  French  countries  the  avocado  is  customarily  served  as  an  "  hors 
d'oeuvie."  E.  Roul  states  *  that  an  exquisite  dessert  is  made  by  cover- 
ing the  fruit  with  a  dressing  of  cherry  brandy,  sugar,  and  cream 
beaten  almost  to  an  emulsion. 

In  St.  Thomas  the  fruit  is  eaten  with  Port  or  Madeira  wine  and 
lemon  or  orange  juice. 

In  Brazil  the  fruit  is  made  into  a  sort  of  custard  pudding. 

The  following  methods  of  preparing  the  fruit,  as  well  as  that  for 
extracting  the  oil,  were  kindly  furnished  by  Mrs.  William  Owen,  of 
Sepacuite,  Guatemala: 

No,  1. — Divide  in  half  and  serve  in  the  shell,  as  many  prefer  them  without  the 
addition  of  salt. 

yo,  2. — Cut  the  meat  into  cubes,  mix  with  sufficient  mayonnaise  to  coat  it 
well,  put  in  a  platter,  pile  high  in  the  center,  and  sprinkle  over  hard-boiled  egg 
chopped  fine. 

No.  S. — ^Divide  in  half  and  carefully  remove  the  meat.  Add  the  yolk  of  a 
hard-boiled  egg  and  one  tablespoonful  of  French  dressing  for  each  fruit  Tress 
through  a  sieve  and  pile  in  the  half  shells.  Garnish  the  tops  with  the  white  of 
the  eggs  chopped  fine,  a  sprig  of  parsley,  and  one  small  red  pepper. 

Sandwiches, — Use  thin  slices  of  bread  buttered  thinly ;  spread  on  a  paste  pre- 
pared of  mashed  avocado  mixed  with  a  dressing  of  oil,  salt,  tarragon  vinegar, 
and  a  little  nutmeg. 

Avocado  oil. — Divide  the  fruit  in  half  and  remove  the  seed.  Place  the  two 
halves  together  again  and  lay  them  in  a  large  basket.  Cover  with  a  cloth  and 
keep  in  a  cool,  dark  place  until  the  meat  turns  black  ;  then  put  them  Into  a  coarse 
cotton  bag.  Sew  up  well  and  put  into  a  press.  The  oil  is  very  clear,  and  all 
the  Ladinos  say  it  will  never  become  rancid.  They  never  use  it  in  cooking, 
though  it  has  a  pleasant  flavor,  but  say  it  is  fine  for  the  hair. 

The  following  method  of  preparing  a  salad  with  avocados  is  given 
by  Janet  M.  Hill :  ^ 

Cut  three  ripe  aguacates  in  halves,  take  out  the  stone  or  seed,  ahd  scoop  the 
pulp  from  the  skin.     Add  three  tomatoes,  first  removing  the  skin  and  core,  and 

«  Sagot,  Manuel  Pratique  des  Cultures  Tropica les,  197,  1893. 
»  The  Cooking  School  Magazine,  9 :  153,  Oct.,  1904. 
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half  a  green  pepper  pod  cat  in  fine  shreds.    Crush  and  pound  the  whole  to  i 
smooth  mixture,  then  drain  off  the  liquid.    To  the  pulp  add  a   teAspoonfnJ  or 
more  of  onion  Juice,  a  generous  teaspoonful  of  salt  and  about  a  tablespotmf^ 
of  lemon  juice  or  vinegar.    Mix  thoroughly  and  serve  at  once.     This  salad  wsj 
be  served  at  breakfast,  luncheon,  or  dinner. 

In  a  report  of  Mr.  John  R.  Jackson  *  it  is  stated  that  "  it  is  eitbfi- 
cooked  or  served  as  a  vegetable  with  white  sauce,"  as  weJI  as  eiten 
as  a  salad.    This  is  the  first  account  noted  of  cooking  the  avocada 

FOOD  VAIiTTE. 

The  results  of  the  chemical  analyses  given  below  show  the  compaia- 
tive  value  of  the  avocado  for  food  purposes.  For  the  following  taUe 
and  the  statements  concerning  it  the  writer  is  indebted  to  Dr.  C.  F. 
Langworthy,  of  the  Office  of  Experiment  Stations  of  the  Department 
of  Agriculture. 

Analyses  of  the  avocado  have  been  recently  made  at  the  Maine  and 
the  Florida  Agricultural  Experiment  Stations.  ^  The  following  table 
shows  the  results  of  these  analyses  and  includes,  for  purposes  of  com- 
parison, similar  data  regarding  a  number  of  common  food  products: 

Composition  of  the  edible  portion  of  the  avocado  and  other  foods. 


Ayocado  (analyzed  at  the  Maine 
station) 

ATocado  (analyzed  at  the  Florida 
station) 

Pickled  ripe  olives 

Pickled  green  oUyes 

Apples 

Bananas  

Pears  

Cocoannts 

Chestnuts,  fresh 

Potatoes „ 

Wheat  flour 


Water. 


Percent. 

8L1 

72.8 
66.1 
78.4 
84.6 
76.8 
84.4 
14.1 
46.0 
78.3 
12.0 


Protein. 


Percent. 

1.0 

8.8 

a5.7 

a6.9 

.4 

1.8 

.6 

6.7 

6.8 

8.8 

11.4 


Fat. 


Percent. 

10.8 

17.8 

85.6 

18.9 

.6 

.6 

.6 

S0.6 

6.4 

.1 

1.0 


Jrercent.  ,i  Trcent 


Carbohydrates. 


Nitro- 
gen-free 
extract. 


Grade 
fiber. 


Aah. 


Talne 


pound. 


I 
6.8 


4.4 

8.7 
1.8 

13.0 

21.0 

11.4 
87.9 

40.8 

18.0 

74.8 


L9 


1.2 
1.0 
2.7 

1.8 
.4 
.8 


Percent.  dUoria. 


0.9 
1.4 


.3 

.8 

.4 
1.7 
1.3 
1.0  I 

.5  I 


as 

SI 

i,« 


1.1S 

as 

i.< 


a  Including  ash. 

In  the  avocados  analyzed  at  the  Maine  station  the  edible  portion 
or  pulp  constituted  on  an  average  71  per  cent  of  the  total  weight  of 
the  fruit,  the  seed  20  per  cent,  and  the  skin  9  per  cent  Prinsen- 
Geerligs,  <^  in  an  extended  study  of  tropical  fruits,  reports  similar 
values  for  the  avocado — i.  e.,  flesh  67  per  cent,  seed  15  per  cent,  and 
skin  8  per  cent.  As  the  avocado  contains  about  75  to  80«  per  cent 
water  and  consequently  20  to  25  per  cent  total  nutritive  material,  it 
is  apparent  that  it  is  more  directly  comparable  with  succulent  fruits 

o  Agricultural  News,  November  7,  1903. 

ft  Maine  Expt.  Sta.  Bui.  75;    U.  S.  Dept  Ajnr.,  Farm^n?'  Bui.  1«9;   Florida 
Bxpt  Sta.  Rpt,  1902. 

<^  Cliem.  Ztg.,  21 ;  719,  1897. 
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» 

vegetables  than  with  such  foods  as  bread.  As  regards  the  pro- 
ion  of  the  water,  protein,  crude  fiber,  and  ash,  the  avocado'  is  simi- 
'  "to  common  fruits  like  the  apple,  pear,  and  banana.  In  the  case 
rxitrogen-free  extract  (sugar,  starches,  etc.)  the  proportion  reported 
t^he  avocado  was  smaller  than  in  the  other  fruits  mentioned.  The 
percentage  of  fat  in  the  flesh  of  the  avocado  is  noteworthy,  a 
proportion  of  this  constituent  in  succulent  edible  fruit  being 
3i-y  unusual.  In  this  respect  the  avocado  suggests  the  olive,  which 
i,  o"f  course,  very  rich  in  this  constituent,  the  flesh  containing,  accord- 
to  recent  analyses  made  at  the  California  experiment  station, 
13  to  88  per  cent.  Generally  speaking,  a  higher  percentage  of 
at  is  found  in  nuts  and  oil-bearing  seeds  than  in  succulent  fruits,  the 
i^h  fat  content  being  accompanied  by  a  low  water  content,  as  in  the 
ase  of  cocoanuts,  cited  in  the  table  on  page  46. 

A^vocado  fat  is  solid  or  semiliquid  at  ordinary  temperatures  and  has 
>een  separated,  being  known  as  alligator  pear  oil,  Persea  fat,  and 
tvocado  oil.  According  to  Andes,**  it  has  at  present  no  commercial 
importance.  Wright  and  Mitchell  ^  state  that  avocado  oil  is  very 
diiiilar  to  laurel  butter  or  bayberry  fat,  from  Laurus  nobilis,  which 
consists  largely  of  the  glycerid  of  lauric  acid,  together  with  a  little 
nciyristin  and  other  homologues  and  some  olein.  Olive  oil  is  quite 
different  in  chemical  character,  consisting  of  about  25  per  cent  glyc- 
erids  of  solid  saturated  fatty  acids  (palmitic,  etc.)  and  75  per  cent 
liquid  gycerids,  mostly  olein.  Olive  oil  is  known  to  be  a  valuable 
food  product  and  quite  thoroughly  digested.  It  is  presumable  that 
the  avocado  fat  is  also  quite  thoroughly  assimilated,  although  little 
can  be  said  definitely  concerning  its  nutritive  value,  as  apparently 
few/  if  any,  investigations  .have  been  reported  which  bear  upon  this 
question. 

Prinsen-Geerligs  ^  studied  the  carbohydrate  constituents  of  the 
avocado  and  reports  1.72  per  cent  total 'sugar,  which  is  made  up  of 
0.4  per  cent  glucose,  0.46  per  cent  fructose,  and  0.86  per  cent  saccha- 
rose. These  figures,  taken  in  connection  with  the  data  reported  by 
the  Florida  experiment  station  for  the  total  nitrogen-free  extract 
(sugar  and  starch),  would  indicate  that  the  starch  content  is  not  far 
from  3  per  cent. 

Considering  all  the  available  data,  it  seems  fair  to  conclude  that 
the  avocado  has  a  fairly  high  food  value  as  compared  with  other  suc- 
culent fruits,  especially  when  its  fat  content  and  consequently  rather 
high  energy  value  is  considered,  closely  resembling  pickled  olives  in 
this  respect. 

o  Vegetable  Fats  and  Oils,  215.     rx>n(ion, •  1897. 

ft  Oils,  Fats,  Waxes,  and  Their  Munufaotured  Products,  353.     London,  1903. 

c  Loc.  cit. 
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COST  OF  PKOBUCnOK. 

In  calculating  the  cost  of  production,  the  following  are  the  Aief) 
factors  to  l>e  considered :  Cost  of  land,  cost  of  preparing  the  k&i 
seed  and  planting,  cost  of  culture,  age  at  which  trees  bear^  life  ol 
treesy  yield-,  cost  of  gathering,  and  marketing  the  fruit,  price  and 
extent  of  the  market. 

The  cost  of  land  in  tropical  countries  is  governed  very  largely  hj 
its  position  with  reference  to  transportation  facilities.  In  Porto 
Rico,  for  example,  land  located  along  the  n^ain  roads  and  valued  « 
$100  an  acre  could  apparently  be  duplicated  in  localities  5  or  10 
miles  distant  for  $2  or  $3  an  aci'e.  Thus,  the  bulk  of  a  crop  and  its 
adaptability  to  transportation  over  country  roads  are  very  important 
factors.  With  avocados  at  anything  like  the  present  prices  they 
would  constitute  a  very  concentrated  product,  probably  exceeding 
coffee  in  pound  for  pound  value.  On  the  other  hand,  the  fruit  must 
be  delayed  as  little  as  possible  after  picking,  which,  of  course,  mili- 
tates against  the  selection  of  land  too  remote  from  a  shipping  p(rint 

The  cost  of  preparing  the  fend  varies  in  different  localities,  but  in 
most  couTitriBS  this  item  can  be-estimated  with  considerable  accuracy, 
as  land  is  usually  cleared  by  measure. 

With  labor  at  a  reasonable  price  the  seed  and  planting  ought  to 
cost  not  more  than  10  cents  per  tree,  and  this  with  trees  20  feet  each 
way,  making  100  to  the  acre,  would  aggregate  $10.90  an  acre.  The 
cost  of  culture  would  also  vary  gi'eatly  in  different  localities,  but  this 
again  can  in  each  locality  be  reckoned  with  considerable  accuracy, 
together  with  the  rebate  to  be  allowed  for  catch  crops. 

Where  orchards  are  started  from  choice  varieties  bv  asexual 
methods  of  propagation,  an  additional  allowance  will  have  to  be 
made  for  budding  or  grafting. 

Trees  may  be  expected  to  come  into  bearing  about  the  fourth  or 
fifth  year  and  may  yield  crops  for  fifty  or  seventy-five  years. 

The  average,  yield  per  tree  may  be  reckoned  at  100  fruits,  and 
should*  come  nearer  500. 

With  a  crop  of  great  value  like  the  avocado  the  cost  of  gatherin^r 
and  marketing  is  relatively  small,  although  the  fruit  must  be  handled 
with  considerable  care,  especially  the  thinner  skinned' forms. 

lu  the  present  state  of  the  market  the  small  shipments  of  avocados 
that  are  received  usually  retail  at  from  25  to  50  cents  apiece. 

SUMMARY. 

The  avocado  is  a  tropical  fruit  little  known  in  the  United  States 
but  rapidly  growing  in  popularity.     Its  appreciation  by  the  northern  ' 
public  is  doubtless  retarded  by  a  misunderstsAiidiQg  of  its  true  charac- 
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IT  as  a  food,  since  it  is  in  reality  a  salad,  being  very  generally  eaten 
it^lx  condiments.  This  unusual  role,  however,  removes  it  from 
Lireot  competition  with  other  fruits  and  tends  to  make  its  popularity 
emianent. 

Tliis  fruit  is  undoubtedly  of  American  origin,  but  appears  to  have 
een  introduced  into  the  West  Indies  after  their  discovery.  It  was 
n  important  article  of  food  among  the  Indians  of  the  continent  from 
<£ex:ico  to  Peru.  It  is  not  yet  certain  whether  the  cultivated  trees 
>eloiig  to  one  or  more  species,  botanical  writers  having  given  little 
.ttention  to  the  many  cultivated  sorts.  There  are  many  wild  species 
►f  I^ersea  in  this  region. 

1"*hough  few  varieties  have  been  described,  the  diversity  of  form  is 
rery  great.  In  general  this  diversity  seems  to  follow  geographical 
ines,  the  forms  of  any  particular  region  being  more  or  less  closely 
related.  A  very  distinct  type,  with  thick,  hard  skin,  was  found  in 
Guatemala,  which  promises  to  surpass  in  shipping  qualities  the  better 
known  forms. 

The  avocados  now  found  in  the  markets  come  largely  from  Cuba, 
an<l  the  chief  commercial  difficulty  is  occasioned  by  the  poor  shipping 
qualities  of  the  fruit  and  the  failure  to  distinguish  the  different  vari- 
eties, the  whole  industry  having  suffered  from  the  shortcomings  of 
the  poorer  forms.  Efforts  to  ship  the  delicate-skinned  Porto  Rican 
fruits  have  thus  far  failed.  For  this  island  it  is  recommended  that 
the  hard-skinned  sorts  of  Guatemala  be  introduced.  These,  it  is 
believed,  will  stand  shipping  even  better  than  those  from  Cuba. 
Exi>eriments  have  demonstrated  that  avocados  can  be  successfully 
shipped  in  cold  storage. 

At  present  the  season  for  avocados  in  the  markets  of  the  United 
States  is  the  late  summer  and  early  autumn.  By  importing  from 
different  countries,  however,  the  season  could  be  extended  throughout 
the  entire  year. 

The  plant  requires  a  strictly  tropical  climate,  with  the  possible 
exception  of  some  of  the  hardy  varieties  of  the  Mexican  table-lands, 
and  to  be  prolific  there  should  be  a  distinct  dry  season. 

Young  plants  are  readily  propagated  from  seed,  and  budding  and 
grafting  can  be  accomplished,  the  former  method  being  in  common 
use  in  Florida. 

As  far  as  can  be  judged  from  the  limited  and  irregular  supply,  the 
market  is  good,  especially  in  the  latter  part  of  the  season.  Prices 
range  from  10  to  60  cents  apiece.  Uniformity  as  regards  both  quan- 
tity and  quality  is  the  prime  requisite  for  sustaining  the  market. 

If  anything  like  the  present  prices  can  be  maintained  the  growing 
of  avocados  of  good  shipping  varieties  ought  to  become  a  very  remu- 
nerative industry. 
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DE80BIPTION  OF  PIRATES. 

Plate  I.  {Frontispiece.)  Avocado  tree,  Freehold,  Costa  Rica.  The  broad- 
leaved  type  commonly  found  in  the  lowlands. 

Plate  II.  Avocado  fruit.  Porto  Rico.  Large,  fine  flavored  fruit;  bnt  lacking  in 
shipping  qualities.     (Natural  size.) 

Plate  III.  Leaf  and  fruit  of  avocado,  Tapachula,  Mexico.  *'  Tapachula/*  one 
of  the  most  desirable  of  the  thin-skinned  forms,  with  oval  leaves.  (Natunl 
size. ) 

Plate  IV.  Avocado  fruit,  Guatemala  City,  Guatemala.  **  Thick-skiniied  oval," 
one  of  the  best  forms.     (Natural  size.) 

Plate  V.  Avocado  fruit,  Guatemala  City,  Guatemala.  *^  Thick-skinned  roond." 
a  very  thick-skinned  form  that  will  stand  rough  handling  better  than  those 
with  thin  skin.     (Natural  size. ) 

Plate  VI.  Avocado  fruit,  Cuba.  Purchased  in  the  Washing^n  market  Octo- 
ber 27,  1902.  This  and  the  fruit  shown  in  Plate  VII  were  from  the  same  box 
and  retailed  at  35  cents  apiece.  The  fruit  had  probably  been  subjected  to 
cold  storage.     (Natural  size.) 

Plate  VII.    Avocado  fruit,  Cuba.     (Natural  size.) 

Plate  VIII.  Fruit  of  "  Yas ''  {Persea  frigidaf  Linden),  San  Joe^,  Costa  Bica. 
A  species  of  Persea  said  to  withstand  frosts.     (Natural  size.) 
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Leaf  and  Fruit  of  Avocado.  Tapachula,  Mexico. 


Avocado  FnuiT,  "T hick-Skinned  Oval,"  Guatemala  City,  Guatemala, 
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AvooAtw  Fruit.  Cuba. 


"Yas,"  San  Jos£,  Costa  Rica. 
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PREFACE. 


The  following  technical  paper  on  "Improving  the  QuaUty  of 
BVlieat,"  by  Dr.  T.  L.  Lyon,  of  the  Agricultural  Experiment  Sta- 
tion of  Nebraska,  embodies  the  results  of  extended  investigations  on 
the  application  of  chemical  methods  to  the  selection  and  improve- 
tnent  of  wheat.  The  investigations  were  carried  on  mainly  at  the 
Nebraska  Agricultural  Experiment  Station  in  connection  with  the 
cooperative  work  of  that  institution  and  the  Plant-Breeding  Labora- 
torv  of  this  Office. 

In  the  breeding  of  wheat  more  extended  data  are  greatly  desired 
so  that  more  intelligent  methods  of  selection  may  be  devised.  The 
investigations  of  Doctor  Lyon,  it  is  beUeved,  have  established 
methods  which  will  be  of  great  value  to  wheat  breeders  and  mate- 
rially facihtate  the  work  in  their  field. 

This  paper  was  originally  presented  as  a  thesis  to  the  faculty  of 
Cornell  University  for  the  degree  of  doctor  of  philosophy.  The 
author  wishes  to  express  his  appreciation  of  the  guidance  of  Prof. 
I.  P.  Roberts,  Prof.  G.  C.  Caldwell,  and  Prof.  Thos.  F.  Hunt,  who 
constituted  the  committee  having  his  work  in  charge,  also  of  the 
assistance  of  Prof.  L.  H.  Bailey  and  Mr.  G.  N.  Lauman,  with  whom 
he  frequently  sought  counsel.  For  the  analytical  work,  extending 
through  a  period  of  seven  years  and  involving  several  thousand 
chemical  determinations,  he  is  indebted  to  Prof.  S.  Avery,  Mr.  R.  S. 
Hiltner,  Prof.  R.  W.  Thatcher,  Mr.  Y.  Nikaido,  Miss  Rachael  Corr, 
Mr.  H.  B.  Slade,  and  Mr.  G.  H.  Walker.  Mr.  Alvin  Keyser  has 
kept  the  records  of  wheat-breeding  plats  and  Mr.  E.  G.  Montgomery 
has  assisted  in  keeping  other  records. 

A.  F.  Woods, 
Pathologist  and  Physiologist. 

Office  of  Vegetable  Pathological 

AND  Physiological  Investigations, 

Washington,  D,  C,  March  31, 1905. 
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INTRODUCTORY  STATEMENT. 


While  the  art  of  plant  breeding  has  been  practiced  for  nearly  a 
century,  the  last  decade  has  witnessed  a  marvelous  awakening  of 
interest  in  the  subject,  both  from  a  scientific  and  practical  stand- 
point. The  keen  competition  in  crop  production  and  the  resulting 
cheaper  prices,  the  great  and  varying  demands  of  modern  trade  con- 
ditions, etc.,  render  it  necessary  that  the  modem  plant  breeder  have 
the  most  thorough  knowledge  possible  of  the  plant  which  he  is  striv- 
ing te  improve.  Not  only  must  we  secure  varieties  and  races  differ- 
ing in  external  characters  and  yielding  more  heavily  under  a  certain 
set  of  conditions,  but  we  must  also  examine  the  chemical  constit- 
uents of  the  product  and  strive  to  change  and  improve  them  in  order 
that  they  may  better  fit  our  purpose. 

The  great  achievements  of  plant  breeding  in  the  past  have  been 
mainly  in  physical  characters,  requiring  only  superficial  knowledge 
and  gross  examination  for  recognition.  Many  of  the  improvements 
now  demanded,  however,  require  the  most  careful  chemical  exami- 
nation of  the  product  and  the  devising  of  careful  means  and  methods 
of  selection  based  on  the  knowledge  thus  obtained. 

The  first  and  still  the  most  noteworthy  achievement  of  this  nature 
is  the  increase  of  the  sugar  content  in  the  sugar  beet.  When  the 
work  on  this  subject  was  first  started  by  Louis  Vilmorin,  the  mother 
beets,  which  were  supposed  to  contain  the  most  sugar,  were  separated 
by  their  greater  density,  this  being  determined  by  throwing  the  beets 
into  a  solution  of  brine  of  such  density  that  the  greater  number  of  them 
would  float.  The  few  heavier  ones  wliich  were  found  to  sink  were 
retained  as  mothers  and  planted  to  raise  seed.  Later  the  methods 
were  improved,  and  finally  the  percentage  of  sugar  content  in  the 
different  individual  beets  was  determined  by  actual  chemical  analy- 
sis. This  careful  method  of  selection  has  been  in  operation  for  more 
than  forty  years,  and  has  resulted  in  greatly  increasing  the  sugar 
content  in  the  beets,  and  has  rendered  their  cultivation  profitable 
where  otherwise  the  industr^^  would  have  failed. 

The  second  most  noteworthy  case  of  increasing  certain  chemical 
constituents  in  a  plant  by  careful  breeding  is  that  furnished  b}^  the 
investigations  of  the  Illinois  Agricultural  Experiment  Station  in 
increasing  the  nitrogen,  oil,  and  starch  content  in  com.  These  note- 
worthy experiments  carried  out  by  Doctor  Hopkins  and  his  assist- 
ants have  greatly  stimulated  breeding  work  of  this  nature,  and  have 
paved  the  way  for  further  research  of  a  similar  kind. 

In  wheat  it  is  particularly  necessary  that  a  thorough  knowledge 
be  obtained  of  the  variations  in  the  chemical  constituents  and  their 
relation  to  the  other  characters  of  the  plant,  such  as  yield,  size  of 
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kernel,  size  of  head,  season  of  maturity,  etc.  Doctor  Lyon's  exten- 
sive researches  will  thus  be  found  very  valuable  in  enabling  us  to 
understand  more  clearly  these  complex  relations  and  in  pointing  out 
the  main  factors  to  be  considered  in  breeding  wheats  to  increase  the 
gUadin  and  glutenin  content,  and  still  obtain  increased  yield  and 
better  bread-making  quaUties. 

The  gross  selection  of  wheat  seed  heretofore  has  largely  been  based 
on  the  separation  of  large  and  heavy  kernels.  Doctor  Lyon's  re- 
searches have  demonstrated  that  the  smaller  and  lighter  kernels 
contain  the  largest  percentage  of  nitrogen,  and  that  while  the  yield 
from  kernels  of  this  kind  at  first  gives  a  smaller  yield  of  grain,  the 
total  3'ield  per  acre  of  nitrogen  is  nevertheless  greater.  By  con- 
tinuous selection  of  the  smaller  and  hghter  kernels  for  several  gen- 
erations he  shows  that  the  grain  yield  gradually  increases  and  finally 
approaches  or  equals  the  yield  derived  from  the  select  large  and 
heavy  kernels.  This  gives  us  a  new  view  of  the  process  of  wheat 
selection  necessary  to  increase  the  nitrogen  3^eld  per  acre. 

The  very  numerous  chemical  analyses  made  by  Doctor  Lyon  give 
an  indication  of  the  great  variation  of  the  percentage  of  proteid 
nitrogen  present  in  different  plants.  In  the  analyses  of  samples  in 
1902  the  plants  varied  from  2.02  per  cent  to  4  per  cent,  while  in  the 
analyses  of  the  next  year  a  variation  from  1.20  per  cent  to  5.85  per 
cent  was  found.  The  existence  of  this  wide  variation  affords  abund- 
ant opportunity  for  improvement  by  selection. 

Evidence  is  also  given  wliich  shows  conclusively  that  the  average 
composition  of  a  spike  of  wheat  may  be  judged  from  the  analyses 
of  a  row  of  its  spikelets.  A  satisfactory  method  of  conducting  selec- 
tions has  thus  been  devised. 

The  results  also  show  that  early-maturing  plants  give  much  the 
largest  average  yield,  which  is  a  most  important  point  in  guiding 
selection  to  increase  the  yield.  The  percentage  of  proteid  nitrogen 
is  rather  less  in  the  early  plants,  but  the  total  nitrogen  per  plant  is 
probably  greater. 

The  quaUty  of  the  gluten  largely  determines  the  bread-making 
value  of  a  variety  of  wheat,  and  it  is  thus  important  to  keep  the 
ratio  of  the  two  elements  constituting  the  gluten — the  gUadin  and 
glutenin — the  same.  Doctor  Lyon  has  showTi  that  as  the  gluten 
content  is  increased  by  selection  the  ratio  of  gUadin  to  glutenin 
remains  about  the  same,  so  that  the  value  of  the  wheat  for  bread- 
making  purposes  is  not  impaired. 

The  extensive  data  presented  in  this  bulletin  bearing  on  important 
matters  relating  to  the  improvement  of  wheat  by  breeding  v^ill 
enable  wheat  breeders  to  plan  and  conduct  their  operations  with  a 
degree  of  certainty  which  would  otherwise  not  be  possible. 

Herbert  J.  Webber, 
Physiologist  in  Charge  of  Laboratory  of  Plant  Breeding. 
Washington,  D.  C,  March  SO,  1905, 
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IMPROVING  THE  QUALITY  OF  WHEAT 


OBJECT  OF  THE  nTYESTIGATION. 

Efforts  to  improve  the  wheat  plant  have  been  numerous  and  have 
accomplished  important  results.  The  work  of  Fultz,  Clawson, 
Rudy,  Wellman,  Powers,  Hayne,  Bolton,  Cobb,  Green,  and  Hays  in 
improving  by  selection,  and  of  Pringle,  Blount,  Schindel,  Saunders, 
Farrar,  Jones,  Carleton,  and  Hays  in  improving  by  hybridization, 
has  resulted  in  giving  this  country  many  prolific  strains  and  varieties 
of  wheat,  while  Garton  Brothers,  of  England,  Farrar,  of  New  South 
Wales,  Vilmorin,  of  France,  Rimpau,  of  Germany,  and  others  have 
accomplished  the  same  for  other  portions  of  the  world.  Attempts 
at  improvement  have,  however,  been  directed  primarily  toward  effect- 
ing an  increase  in  the  yield  rather  than  in  the  quality  of  the  crop. 
While  the  latter  property  has  not  been  entirely  lost  sight  of,  selection 
based  on  quaHty  has  never  been  applied  to  the  individual  plant,  but 
only  to  the  progeny  of  otherwise  desirable  plants. 

Why  selection  for  quality  of  grain  in  the  individual  plant  has  not 
gone  hand  in  hand  with  selection  for  other  desirable  properties  is 
perhaps  to  be  explained  by  the  fact  that  no  method  for  such  selection 
has  ever  been  devised.  Mr.  W.  Farrar,  of  Queanbeyen,  New  South 
Wales,  in  an  address  made  a  short  time  ago,  said: 

Before  we  can  make  any  considerable  progreas  in  improving  the  quality  of  the  grain  of 
the  wheat  plant  we  shall  have  to  devise  a  method  for  making  a  fairly  correct  quantitative 
estimate  of  the  constituents  *  *  *  of  the  grain  of  a  single  plant  and  yet  have  seeds 
left  to  propagate  from  that  plant. 

In  devising  a  method  for  increasing  the  percentage  of  nitrogen  in 
wheat  it  becomes  desirable  to  know  the  causes  that  produce  variation 
in  this  constituent  of  the  kernel.  Numerous  experiments  and  obser- 
vations have  been  made  on  this  subject,  the  results  of  which  agree  in 
the  main  in  attributing  such  variation  to  the  following  conditions : 

(1)  Stage  of  development  of  the  kernel. 

(2)  Variation  in  temperature  of  different  regions. 

(3)  Variation  in  temperature  of  different  years  in  the  same  region. 

(4)  Variation  in  the  supply  and  form  of  soil  nitrogen. 

(5)  Variation  in  the  supply  of  soil  moisture. 
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All  of  these  factors  have  been  studied,  and  are  recognized  as  opera- 
tive. Nothing,  however,  appears  to  have  been  done  to  show  their 
influence  upon  the  actual  amount  of  nitrogen  taken  up  by  the  wheat 
plant  and  deposited  in  the  kernel.  This  is  really  the  point  of  greatest 
interest;  for  although  it  is  desirable  to  secure  a  wheat  of  greater  nutri- 
tive value,  it  should  not  be  done  at  the  sacrifice  of  peld  of  nitrogenous 
substance. 

Admitting  that  variation  in  the  nitrogen  content  of  wheat  is 
induced  by  the  conditions  mentioned,  it  is  essential  to  the  plant 
breeder  to  know  whether  a  high  or  low  nitrogen  content  may  be, 
under  similar  conditions,  a  characteristic  of  an  individual  plant: 
whether  this  quaUty  is  transmitted  to  the  offspring;  with  what  con- 
stant characteristics  it  is  correlated,  and  whether  a  high  percentage 
of  nitrogen  in  a  normal,  perfectly  matured  wheat  plant  is  an  indica- 
tion of  a  large  accumulation  of  nitrogen  bj^  that  plant. 

The  data  contained  in  this  paper  cover  the  points  mentioned,  and 
it  is  hoped  that  some  definite  information  lias  been  gained  that  will 
lead  to  a  practical  solution  of  the  problem  of  improving  by  breeding 
the  quality  of  wheat  for  bread  making^. 
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;OME  CONDITIONS  AFFFXTING  THE  COMPOSI- 
TION AND  YIELD  OF  WHEAT. 


Experiments  to  ascertain  the  effect  of  different  conditions  upon 
lie  composition  and  yield  of  wheat  have  been  conducted  mainly 
long  the  following  lines: 

(1)  Stage  of  growth  at  which  the  grain  is  harvested. 

(2)  Influence  of  immature  seed  upon  the  resulting  crop. 

(3)  EflFect  of  climate. 

(4)  Effect  of  soil. 

(5)  Effect  of  soil  moisture. 

(6)  Influence  of  size  or  weight  of  seed  upon  the  resulting  crop. 

(7)  Influence  of  specific  gravity  of  seed  upon  the  resulting  crop. 

A  brief  summary  of  a  number  of  these  experiments  is  here^dth 
iven. 

COMPOSITION    AS    AFFECTED   BY   TIME    OF   CUTTING. 

In  1879,^  and  again  in  1892,*  Dr.  R.  C.  Kedzie  conducted  very 
ireful  experiments  to  note  the  chemical  changes  that  occur  in  the 
heat  kernel  during  its  formation  and  ripening.  These  agree  in 
le  main  in  showing  a  gradual  decrease  in  the  percentage  of  total 
itrogen,  albuminoid  nitrogen,  and  non-albuminoid  nitrogen  from 
le  time  the  grain  set  to  the  time  the  kernel  was  ripe.  The  decrease 
i  all  of  these  constituents  was  much  more  rapid  during  the  first 
lan  during  the  last  stages  of  this  development.  The  percentage 
f  ash  decreased  at  the  same  time. 

In  1897  Prof.  G.  L.  Teller''  carried  on  some  experiments  in  which 
e  covered  the  ground  already  gone  over  by  Doctor  Kedzie  and 
Iso  contributed  to  the  knowledge  of  the  subject  some  very  important 
ata  concerning  the  proportion  of  the  various  proteids  contained 
1  the  wheat  kernel  during  the  process  of  development.  Teller 
)und  that  the  proportion  of  total  nitrogen  in  the  dry  matter  steadily 
ecreased  from  the  time  the  kernel  was  formed  up  to  about  a  week 
efore  ripening,  but  that,  unlike  Doctor  Kedzie's  results,  it  gradually 
icreased  from  that  time  on.  He  intimates  that  this  increase  before 
ipening  may  have  been  due  to  defective  sampling  and  hoped  to 

o  Report  of  Michigan  Board  of  Agriculture,  1881-82,  pp.  233-239. 
^Michigan  Agricultural  Experiment  Station  Bulletin  101. 
^  Arkansas  Agricultural  Experiment  Station  Bulletin  53. 
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repeat  the  experiment  to  remedy  this,  but  he  has  published  nothing  \ 
further.  The  amid  nitrogen  continued  to  decrease  up  to  the  time  of 
ripening,  as  did  also  the  ash,  fats,  fiber,  dextrins,  and  pentosans. 
There  was  a  gradual  and  marked  increase  in  the  proportion  of  gliadin 
up  to  the  time  of  ripening,  and  a  somewhat  less  and  rather  irregular 
decrease  in  the  proportion  of  glutenin  during  the  same  period. 

Failyer  and  Willard  "  report  analyses  of  wheat  in  the  soft-dough 
stage  and  when  ripe.  The  ash,  crude  fiber,  fat,  and  the  total  and 
albuminoid  nitrogen  were  higher  in  the  soft-dough  wbeat,  and  the 
nitrogen-free  extract  and  non-albuminoid  nitrogen  were  higher  in 
the  ripe  wheat. 

Dietrich  and  KOnig*  quote  results  from  five  experimenters — Reiset, 
Stockhardt,  Heinrich,  Nowacki,  and  Handtke.  Only  in  one  case 
(Heinrich)  is  there  a  constant  decrease  in  total  nitrogen  as  the  grain 
approaches  ripeness.  There  is  much  inconstancy  in  the  results,  there 
being  in  some  cases  a  decrease  in  nitrogen  between  the  milk  stage 
and  full  ripeness  and  sometimes  an  increase.  There  is. little  informa- 
tion to  be  gained  from  the  results  quoted  by  Dietrich  and  Kdnig. 

Komicke  and  Werner  in  their  "Handbuch  des  Getreidebaues''^ 
refer  to  the  work  of  Stockhardt,  and  also  that  of  Heinrich,  to  show 
that  during  the  process  of  ripening  the  percentage  of  nitrogen  in 
the  wheat  kernel  gradually  diminishes,  as  does  also  the  percentage 
of  ash,  and  that,  on  the  other  hand,  the  percentage  of  carbohydrates 
increases  during  the  same  period.  Heinrich  also  shows  by  a  state- 
ment of  the  number  of  grams  of  these  constituents  in  2,600  kernels 
at  different  stages  of  development  that  the  absolute  amount  of 
nitrogen  and  ash  increases  up  to  the  time  of  ripening,  and  thai 
consequently  the  decrease  in  the  percentage  of  these  constituents 
is  due  to  the  rapid  increase  in  the  carbohydrates.  The  results 
obtained  by  Heinrich  appear  as  follows  when  tabulated: 


starch. 


Protein. 


Ash. 


Stage  of  growth. 


Percentage 
in  100 

parts  of 
diy  matter 

or  kernel. 


14  days  after  bloom i  61.44 

Bepiuning  to  ripen 74. 17 

Ril)e 75.66 

Overripe 76,38 


Percentage 

Grams  in 

in  100 

Grams  in 

2,600 

parts  of 

2.600 

kernels. 

dry  matter 
of  kernel. 

kernels. 

22.0 

14.05 

5.0 

58.5 

12.21 

10.0 

67.0 

11.82 

10.5 

70.0 

11.67 

10.7 

Percentage 
In  100 

parts  of 
dr^'  matter 

01  kernel. 

Gram5izi 

2.nai 
kemelft. 

2.48 
2.14 
1.97 
1.88 

0.91 

1.79 

Nedokutschajew^'  analyzed  wheat  kernels  at  dilTerent  stages  of 
development  and  found  an  almost  uniform  decrease  in  the  percentage 

<i  Kansas  Agricultural  Experiment  Station  Bulletin  32. 
^  Zusammensetzung  u.  Verdaulichkeit  der  Futterraittel,  1,  p.  419. 
c  Handbuch  des  Getreidebaues,  Berlin,  1884,  2,  pp.  474-476. 
<^Landw.  Vera.  Stat.,  56  (1902),  pp.  303-310. 
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of  total  nitrogen,  a  slight  but  irregular  decrease  in  the  percentage  of 
proteid  nitrogen  in  the  dry  matter,  and  a  constant  decrease  in  the 
percentage  of  amid  nitrogen.  He  holds  that  the  amid  substances 
are  converted  into  albumen  as  the  kernels  ripen.  His  figures  are 
as  follows: 


Date. 


Weleht 

'    kernel 
'    (mg). 


Percentage  of— 


Dry  ToUl       Proteid     ^'B*™"      Amid 

matter,    nitrogen,  nitrogen.  nn^JJggn   i^^trogcn. 


July  13 9. 17 

July  18 15.M) 

July  24 30.79 

Jnlv29 37.99 

August  3 46. :« 

AugU8t9 45.46 


30.14 

2.87  ! 

1.90 

0.20 

0.68 

37.23 

2.55  ! 

1.94 

*   .20 

.41 

45. 18  ' 

2.65  - 

2.33 

.19 

.13 

38.37 

2.46 

2.08  1 

.16  , 

.22 

51.52 

2.32 

1.98 

.13 

.21 

49.83  , 

1 

2.37 

2.13 

.11 

.13 



. 

_    . 

Judging  from  these  results  there  can  be  no  doubt  that  the  per- 
centage of  nitrogen,  both  total  and  proteid,  decreases  as  the  kernel 
develops,  owing  to  the  *more  rapid  deposition  of  starch  that  goes 
on  during  the  later  stages  of  growth.  The  larger  part  of  the  nitrogen 
used  by  the  wheat  plant  appears  to  be  absorbed  during  the  early 
Ufe  of  the  plant.  This  is  transferred  in  large  amounts  to  the  kernel 
in  the  early  stages  of  its  development,  after  which  nitrogen  accretion 
by  the  kernel  is  comparatively  sUght.  The  deposition  of  starch, 
on  the  other  hand,  continues  actively  during  the  entire  development 
of  the  kernel.  It  w^ould  further  appear  that  the  amid  nitrogen  is 
converted  into  proteid  compounds  as  development  proceeds. 

As  showing  the  stages  of  growth  of  the  wheat  plant  at  which  the 
greatest  absorption  of  nitrogen  occurs,  some  experiments  may  be 
quoted. 

Lawes  and  Gilbert ''  say : 

In  1884  we  took  samples  of  a  growing  wheat  crop  at  different  .«*tages  of  its  progress, 
commencing  on  June  21,  and  detennind  the  dry  matter,  ash,  and  nitrogen  in  them.  Calcu- 
lation of  the  results  showed  that,  while  during  little  more  than  five  wcek.s  from  June  21 
there  was  comparatively  little  increase  in  the  amount  of  nitrogen  accumulated  over  a  given 
area,  more  than  half  the  total  carbon  of  the  crop  was  accumulated  during  that  period. 

Snyder's  analyses*  show  that  of  the  total  amount  of  nitrogen 
taken  up  by  the  wheat  plant,  85.97  per  cent  is  removed  from  the  soil 
within  fifty  days  after  coming  up,  88.6  per  cent  by  time  of  heading 
out,  and  95.4  per  cent  by  the  time  the  kernels  are  in  the  milk. 

Adorjan^  finds  that  assimilation  of  plant  food  from  the  soil  is  not 
proportional  to  the  formation  of  dr}'  matter  in  the  plant,  but  that 
it  proceeds  more  rapidly  in  the  early  stages  of  growth.  During  early 
growth  nitrogen  is  the  principal  requirement.     The  nitrogen  stored 

«  On  the  Composition  of  the  Ash  of  Wheat  Grain  and  Wheat  Straw,  London,  1884. 
&  Minnesota  Experiment  Station  Bulletin  29,  pp.  152-160. 

<^  Abstract,  Experiment  Station  Record,  14,  p.  436,  from  Jour.  Landw.,  50  (1902), 
pp.  193-230. 
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up  at  that  time  is,  he  says,  used  later  for  the  development  of  the 
grain. 

It  is  too  well  known  to  require  substantiation  by  experimental 
evidence  that  the  yield  of  grain  per  acre  and  the  weight  of  the  indi- 
vidual kernel  increase  as  the  grain  approaches  ripeness.  It  is  there- 
fore quite  evident  that  immaturity,  although  resulting  in  a  highei 
percentage  of  nitrogen  in  the  wheat  kernel,  would  curtail  the  pro- 
duction of  nitrogen  by  the  crop,  and,  furthermore,  that  the  produc- 
tion of  proteids  would  be  still  further  lessened  by  reason  of  the 
greater  proportion  of  amid  substances  present  in  the  grain  at  that 
time. 

INFLUENCE    OF   IMMATURE    SEED   UPON    YIELD. 

Georgeson  ^  selected  kernels  from  wheat  plants  that  were  fully  ripe, 
and  from  plants  cut  while  the  grain  was  in  the  milk.  He  seeded  these 
at  the  same  rate  on  2  one-tenth  acre  plots  of  land.  The  immature 
seed  yielded  at  the  rate  of  19.75  bushels  per  acre  of  grain  and  0.8  ton 
of  straw,  while  the  mature  seed  produced  22  bushels  of  grain  and 
1.04  tons  of  straw  per  acre.  Georgeson  says  that  in  a  similar  experi- 
ment the  previous  year  the  difference  in  favor  of  the  mature  seed 
was  still  more  pronounced. 

Although  the  evidence  is  Umited,  it  may  safely  be  considered  that 
the  use  of  immature  seed  will  result  in  a  smaller  yield  of  wheat  than 
if  fully  ripe  seed  be  used. 

INFLUENCE    OF   CLIMATE    UPON    COMPOSITION    AND   YIELD. 

Lawes  and  Gilbert^  state  that  '^high  maturation  in  the  wheat  crop 
as  indicated  by  the  proportion  of  dressed  com  in  total  com,  propor- 
tion of  corn  in  total  product  (grain  and  straw),  and  heavj^  weight  of 
grain  per  bushel,  is,  other  things  being  equal,  generally  associated 
with  a  high  percentage  of  dry  substance  and  a  low  percentage  of  both 
mineral  and  nitrogenous  constituents."  This  is  based  upon  the 
wheat  crops  at  Rothamsted  for  the  years  1845  to  1854,  inclusive. 

More  recent  publications'*  by  these  investigators  reaffirm  their 
belief  that  the  composition  of  the  wheat  kernel  depends  more  largeljj 
upon  the  conditions  that  affect  its  degree  of  development  than  upon 
any  other  factor.  They  found  almost  invariably  that  a  season  thai 
favored  a  long  and  continuous  growth  of  the  plant  after  heading. 
resulting  in  a  large  yield  of  grain,  a  high  weight  per  bushel,  and  « 
plump  kernel,  produced  a  kernel  of  low  nitrogen  content 

'^  Abstract,  Experiment  Station  Record,  4,  p.  407,  from  Kansas  Experiment  StatMl 
Bulletin  3:^,  p.  50. 

^  On  Some  Points  in  the  Composition  of  Wheat  Grain,  London,  1857. 

^  Our  Climate  and  Our  Wheat  Crops,  London,  1880,  and  On  the  Composition  of  the  A4( 
of  Wheat  Grain  and  Wheat  Straw,  London,  1884. 
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KOrnicke  and  Werner  ^  cite  an  experiment  in  which  winter  wheat 
grown  in  Poppelsdorf  for  several  years  was  sent  to  and  grown  in  the 
moist  climate  of  Great  Britain,  in  Germany,  and  in  the  continental 
climate  of  Russia  (steppes).     The  results  were  as  follows: 


Locality. 


Number 
of  exper- 
iments. 


Weight  (in  grams) 
of- 


Percentage  of- 


G  rra  t  B  ritain | 

Germany i 

Southern  Russia 


37 

18 
19 


100 
plants. 


600 
500 
365 


Kernels 

from  100 

plants. 

227 
204 
160 


Grain. 


37.8 
40.8 
44.0 


Straw. 


62.3 
59.2 
56.0 


These  investigators  conclude  from  the  results  that  in  a  moist  cli- 
mate relatively  more  straw  and  less  grain  are  produced  than  in  a  dry, 
warm  climate.  The  thickness  of  the  straw  and  the  weight  of  the 
kernels  from  100  heads  are  greater,  while  the  percentage  by  weight 
of  kernels  to  straw  is  much  less  in  a  moist  climate.  They  also  quote 
Haberlandt  as  saying  that  a  continental  climate  produces  a  small, 
hard  wheat  kernel,  rich  in  gluten  and  of  especially  heavy  weight. 

Deherain  and  Dupont*  report  some  interesting  observations  as  to 
the  effect  of  climate  on  the  composition  of  wheat.  They  state  that  the 
harvest  of  1888  at  Grignon  was  late  and  the  process  of  ripening  slow. 
There  was  a  heavy  yield  of  grain  having  a  gluten  content  of  12.60  per 
cent  and  a  starch  content  of  77.2  per  cent.  The  following  season  was 
dry  and  hot,  with  a  rapid  ripening  of  the  grain,  resulting  in  a  smaller 
crop.  The  gluten  content  of  the  grain  was  15.3  per  cent  and  the 
starch  content  61.9  per  cent.  They  removed  the  heads  from  a  num- 
ber of  plants.  The  next  day  the  stems  were  harv^ested,  as  were  also 
an  equal  number  of  entire  plants.  The  stems  without  heads  showed 
that  carbohydrates  equal  to  5.94  per  cent  of  the  dry  matter  had  been 
formed.  The  stems  on  which  the  heads  remained  one  day  longer 
contained  1.63  per  cent  carbohydrates.  They  argue  from  this  that 
the  upper  portion  of  the  stem,  provided  it  is  still  green,  performs  the 
functions  of  the  leaves  in  other  plants  and  thus  elaborates  the  starch 
that  fills  out  the  kernel  in  its  later  development. 

A  report  from  the  Ploti  Experiment  Station '  states  that  the  con- 
ditions that  favored  an  increase  in  yield  caused  a  reduction  in  the 
relative  proportion  of  nitrogen  in  the  grain.  Excessive  humidity 
favored  the  process  of  assimilation  of  carbohydrates,  while  drought 
hastened  maturation  and  produced  a  grain  relatively  rich  in  protoids. 

«  Handbuch  des  Getreidebaues,  Berlin,  1884,  pp.  69,  70. 
ft  Ann.  Agron.,  1902,  p.  522. 

^Abstract,  Experiment  Station  Record,  14,  p.  340,  from  Sept.  Rap  An.  Sta.  Expt. 
Agron.  Ploty,  1901,  pp.  xiv-180. 
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Wiley  ^  sent  wheat  of  the  same  origin  to  California,  Kentucky 
Maryland,  and  Missouri.  The  original  grain  and  the  product  fron 
each  State  were  analyzed.  The  results  of  one  year's  test  wen 
reported.     Regarding  the  effect  of  climate,  he  says: 

There  appears  to  be  a  marked  relation  between  the  content  of  protein  matter  and  stare 
and  the  length  of  the  growing  season.  The  shorter  the  period  of  growth  and  the  cooler  tl 
climate  the  larger  the  content  of  protein  and  the  smaller  the  content  of  starch,  and  vii 
versa. 

Shindler,*  in  his  book  upon  this  subject,  says  (p.  75) : 

With  the  length  of  the  growing  period,  especially  with  the  length  of  the  inter\'al  betme 
bloom  and  ripeness,  varies  not  only  the  size  of  the  kernel,  but  also  the  relative  amount  c 
carbohydrates  and  protein  it  contains. 

Again,  on  page  76,  Shindler  says: 

All  this  shows  that  the  protein  constituent  of  the  kernel  depends  in  the  first  place  upa 
the  length  of  the  growing  period  and  next  upon  the  richness  of  the  soil. 

MeUko V  ^  made  analyses  of  diflFerent  varieties  of  wheat  of  the  crop 
of  the  years  1885-1899  grown  in  southern  Russia.  The  protei 
varied  in  different  years  from  14  to  21.2  per  cent.  Melikov  conclude 
that  the  nitrogen  content  is  highest  in  dry  years  and  lowest  in  yeai 
of  larger  rainfall,  in  which  years  the  yield  of  wheat  per  acre  is  ab 
greater. 

Gurney  and  Morris,''^  in  one  of  their  reports,  say: 

This  increased  gluten  [over  previous  years]  is  probably  largely  due  to  differences  in  d 
seasons,  the  weather  being  hot  and  dry  while  the  grain  was  ripening,  since  it  is  characte 
istic  not  of  these  wheats  alone  but  of  most  of  the  grain  grown  in  the  colony. 

The  conclusion  to  be  inevitably  derived  from  these  observatioi 
is  that  climate  is  a  potent  factor  in  determining  the  \^eld  and  comp< 
sition  of  the  wheat  crop,  and,  further,  that  its  effect  is  produced  b 
lengthening  or  shortening  the  growing  season,  particularly  that  poi 
tion  of  it  during  which  the  kernel  is  developing.  A  moderately  C4> 
season,  with  a  liberal  supply  of  moisture,  has  the  effect  of  prolongii 
the  period  during  which  the  kernel  is  developing,  thus  favoring  i1 
filling  out  with  starch,  the  deposition  of  which  is  much  greater  i 
that  time  than  is  that  of  nitrogenous  material.  With  this  goes  a 
increase  in  volume  weight  and  an  increased  jield  of  grain  per  acn 
On  the  other  hand,  a  hot,  dry  season  shortens  the  period  of  kenw 
development,  curtails   the   deposition   of   starch,  leaving    the   pei 

«  Yearbook  U.  S.  Department  of  Agriculture,  1901,  pp.  299-308. 

^  Dor  Weizen  in  seinem  Beziehungen  zum  Klima  und  das  Gesetz  der  Korrelation,  Berli 
1893. 

f  Abstract,  Experiment  Station  Record,  13.  p.  451,  from  Zjhur.  Opuitn.  Agron.,  1  (1900 
pp.  256-267. 

^  Agricultural  Gazette  of  New  South  Wales,  12,  pt.  2,  pp.  1403-1424. 
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itage  of  nitrogen  relatively  higher,  and  gives  a  grain  of  lighter 
Jght  per  bushel  and  smaller  yield  per  acre. 

rhe  fact  that  one  variety  of  wheat  is  adapted  to  a  hot,  dry  chmate 
d  another  to  a  cool,  moist  one  does  not  mean  that  the  former  under- 
Bs  as  complete  maturation  as  the  latter,  even  though  the  grain  is  not 
riveled.  This  is  shown  by  the  fact  that  a  variety  of  wheat  well 
apted  to  a  hot,  dry  chmate  will,  when  planted  in  a  cool,  moist  one, 
jnediately  grow  plumper  and  the  kernel  weight  will  increase,  as 
hs  the  case  in  the  experiment  of  taking  Minnesota  wheats  to  Maine. 

INFLUENCE   OF   SOIL  UPON    COMPOSITION   AND   YIELD. 

In  considering  the  effect  of  the  soil  upon  the  wheat  crop  there  will 
.turally  be  included  experiments  designed  to  show  the  eflFect  of 
i,ilizers  upon  the  crops.  It  is,  in  fact,  upon  experiments  with  fer- 
izers  that  we  must  depend  for  most  of  our  information  on  this 
bject. 

Experiments  to  ascertain  the  effect  of  fertilizers  upon  the  composi- 
m  of  the  wheat  kernel  were  conducted  by  Lawes  and  Gilbert  for  a 
riod  of  years  extending  from  1845  to  1854."  Plots  of  land  in 
lich  wheat  was  grown  continually  were  treated  annually  as  follows : 
[imanured,  manured  with  ammoniacal  fertilizer  alone,  and  manured 
th  ammoniacal  fertihzer  and  proportionate  amounts  of  mineral 
Its.  In  composition  calculated  to  dr}^  matter,  the  wheat  on  the 
ots  receiving  ammoniacal  fertilizer  alone  contained  quite  uniformly 
sUghtly  larger  amount  of  nitrogen  than  either  of  the  other  two. 
le  averages  for  the  ten  years  were  as  follows: 


Kind  of  fertilizer,  if  any. 


imanured 

amonium  salts 

Derals  and  ammonium  salts . 


Percent 

Nitrogen 

in  dry 

matter. 

age  of— 

A.shin 

dry 
matter. 

2.07 
1.85 
1.96 

Weight 
of  grain 

per 

bushel 

(pounds). 

58.51 

5vS.9 

60.2 

2.13 

;         2.26 

2.22 

Percent- 
age of 


Yield  per 
acre 


90,6 
90.3 
92.8 


1,045 
1,668 
1,969 


There  was  practically  no  diflFerence  in  the  nitrogen  content  of  the 
raw.  From  these  experiments  the  authors  quoted  conclude  that 
lere  is  no  evidence  that  the  nitrogen  content  of  the  wheat  kernel 
^n  be  increased  at  pleasure  by  the  use  of  nitrogenous  manures. 
Ritthausen  and  Pott  *  report  an  experiment  in  which  plots  of  land 
ere  manured  (1)  with  superphosphate  alone,  (2)  with  nitrate  alone, 
;)  with  a  mixture  of  superphosphate  and  nitrate,  and  (4)  were  left 

«  On  Some  Points  in  the  Composition  of  Wheat  Grain,  London,  1857. 
2>Landw.  Vers.  Stat.,  16  (1873),  pp.  384-399. 
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unmanured.     There  were  three  plots  of  each.     The  following  is  a 
tabulated  statement  of  their  results: 


Kind  of  fertilizer,  if  any. 


Weiglit  of 

52  c.  c.  of 

kernels 

(grama). 


Yield  of  Pe3Tmta|» 

grain  on  of  nitrogBi 

plot  in  dry 

(kllofi).         matter. 


Unfertilized 

Superphoaphate . 
Nitrate 


1,306 iflG 


1,339 
1.413 


Superpliosphate  and  nitrate i  1, 451 


2.72  I  X4S 

2.30  •  3.43 

2.03  '  Xti3 


It  will  be  noticed  that  the  eflFect  of  the  nitrate  fertilizer  was  to 
decrease  the  yield  of  grain,  but  to  increase  the  size  of  the  kernel  and 
its  content  of  nitrogen. 

Wolff ,^  as  early  as  1856,  in  summing  up  the  experiments  of  Hennb- 
stadt,  MuUer,  and  John  with  barley,  and  of  Lawes  and  Gilbert  with 
wheat,  says : 

In  the  presence  of  a  sufficient  amount  of  phosphoric  acid  and  alkali  the  effect  of  manunng 
with  an  easily  soluble  nitrogen  compound  is  an  improvement  in  the  grain  both  in  quantity 
and  quality  [meaning  plumper  kernels].  The  kernels  decrease  in  percentage  of  nitrogen. 
but  become  plumper,  become  absolutely  and  relatively  richer  in  starch ,  and  have  a  better 
appearance  and  a  higher  commercial  value.  But  when  the  nitrogenous  food  in  the  suH 
exceeds  a  certain  relation  to  the  temperature  and  rainfall  the  quality  of  the  grain  becomes 
poorer  [harder],  it  becomes  lighter  and  smaller,  takes  on  a  dark<»r  color,  and  geDeraUv 
becomes  richer  in  percentage  of  nitrogen  in  the  air-drj'  substance. 

Von  Gohren  *  also  reports  results  of  experiments  in  fertilizing  wheat. 
All  experiments  were  apparently  made  in  the  same  year.  He  grew 
the  crop  on  six  different  plots  of  land,  five  of  which  were  manured  and 
each  with  a  different  fertiUzer.  In  the  crop  he  distinguished  between 
large  kernels  and  small  kernels  to  show  the  quality  of  the  product. 
Determinations  of  proteids  and  starch  were  made,  and  these  were 
calculated  to  the  yield  of  each  constituent  on  each  plot. 

The  following  table  shows  the  yield  of  each  of  the  characters  deter- 
mined, and  compares  those  raised  on  the  unmanured  plot  with  those 
on  the  manured  ones  by  taking  the  former  as  one  and  reducing  the 
others  to  the  corresponding  figure : 


Yield  and  percentage.  '  ^'j^^^*-  I   Ashes.    ,  Oil  cake. ,  ^^^      "jg"    P|SJJJJ» 


Yicldofgrain 1.000  1.011  1  1.071  1. 143  1.215  1.2>« 

Yield  of  large  kernels '        1.000  I  .146'  1.928  2.552  2.226  2.7W 

Yield  of  small  kernels '        1.000  .953  1          .704.  .538  .781  .6*2 

Yield  of  proteids 1.000  .999            .915  i  .936  1.070  1.114 

Yiell  of  starch 1.000,  1.009'  1.081  1. 174  |        1.264  1.30; 

Percentage  of  proteids '  14.42  14.25    ,  12.70    ,  11.81  12.710  1.1.22 

Percentage  of  starch 62.67  62.56    i  63.25    '  64.41  65.24  63.55 


The  results  show  an  increased  yield  from  the  use  of  fertiUzers,  the 
production  increasing  with  the  application  of  complete  manures. 

«  Die  naturgesetzlichen  Grundlagen  des  Ackerbauer ,  Leipzig,  1856,  p.  774. 
^Landw.  Vers.  Stat.,  6  (1864),  pp.  15-19.  | 
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The  yield  of  grain  of  good  quality  increases  in  the  same  way,  and  the 
yield  of  grain  of  poor  quality  decreases  proportionately.  It  must  be 
remembered  that  by  good  quality  of  grain  in  these  early  writings  is 
meant  plump  kernels  and  not  necessarily  what  would  be  considered 
wheat  of  good  milling  quality  at  the  present  day.  The  production  of 
proteids  per  acre  decreased  with  the  use  of  the  incomplete  fertilizers, 
ashes  and  oil  cake,  and  even  with  the  bat  guano.  It  increased,  how- 
ever, w^ith  the  use  of  oil  cake  and  ashes  combined  and  of  Peruvian 
guano.  The  percentage  of  proteids  was  greatest  in  the  unfertilized 
grain  and  the  percentage  of  starch  least,  with  the  exception  of  one 
fertilized  plot. 

The  very  evident  effect  of  the  fertilizers  in  this  case  w^as  to  produce 
a  more  completely  matured  kernel.  It  will  be  noticed  that  the  plots 
producing  grain  of  highest  starch  content  were  those  having  the 
greatest  proportion  of  plump  kernels. 

Again,  in  1884,  Law^es  and  Gilbert^  report  results  obtained  from 
manured  and  unmanured  soils.  These  experiments  cover  a  period  of 
sixteen  yeai*s  and  are  divided  into  two  periods  of  eight  years  each.  In 
one  of  these  periods  the  seasons  were  favorable  for  wheat,  in  the  other 
unfavorable. 


Favorable  seasons. 


Unfavorable  seasons. 


Character, 


Barnyard 
manure. 


Weight  of  grain  per  bushel  , 

(pounds) I  62. 6 

Percentage  of  grain  to  straw .  62. 5 

Grain  per  acre  (pounds) 2, 342. 0 

Straw  per  acre  (pounds) 6, 089. 0 

Percentage  of  nitrogen  in  dry  j 

matter 1. 73 

Perct*ntage  of  ash  In  dry  mat- 
ter   1.98 

Nitrogen  per  bushel  (pounds)  1. 083 


Un- 
manured. 

Ammo- 
nium salts 
alone. 

60.5 

67.4 

1,156.0 

2,872.0 

60.4 

66.2 

1.967.0 

4,774.0 

1.84 

2.09 

1.96 
1.113 

1.74 
1.262 

Baniyard 
manure. 


57.4 

1.967.0 
5, 574. 0 


1.96 

2.06 
1.125 


Un- 
manured. 


54.3 

51.1 

823.0 

2,433.0 


Ammo- 
nium salts 
alone. 


53. 
46. 
1,147 


1.98 

2.08 
1.075 


3,601.0 

2.25 

1.91 
1.208 


It  is  evident  from  this  statement  that  the  largest  crops  and  best 
developed  kernels  were  obtained  from  the  soils  treated  with  barnyard 
manure,  and  that  these  kernels  contained  the  lowest  percentage  of 
nitrogen.  The  crops  on  unmanured  soil  stood  next  in  these  respects, 
except  in  yield.  Those  on  the  soil  receiving  ammonium  salts  pro- 
duced the  most  poorly  developed  kernels  and  those  of  highest  nitrogen 
content,  but  gave  larger  yields  than  the  unmanured  soil. 

In  the  unmanured  soil  there  was  a  very  evident  lack  of  plant  food, 
as  indicated  by  the  light  crops.  The  effect  upon  the  kernel  was  to 
curtail  its  development,  leaving  it  of  Ught  weight  and  with  a  relatively 
high  nitrogen  content. 


o  On  the  Composition  of  the  Ash  of  Wheat  Grain  and  Wheat  Straw,  London,  1884. 
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Hermbstadt  obtained  some  curious  results,  as  quoted  by  D.  G.  F. 
MacDonald,^  as  follows: 

He  sowed  equal  quantities  of  wheat  upon  the  same  ground  and  manured  them  with  equal 
weights  of  the  different  manures  set  forth  below.  From  100  parts  of  each  sample  of  grain 
produced  he  obtained  starch  and  gluten  in  the  following  proportions: 


Kind  of  fertlll^r,  If  any. 


Starch. 


Produce. 


Unfertilised 

Potato  peels 

Cow  dung 

Pigeon  dung 

Horse  dung 

Ooat  dung 

Sheep  dung 

Dried  night  soil... 

Dried  ox  blood 

Dried  human  urine 


9.3 

06.7 

Thrmfoki. 

9.6 

65.94 

FiTCffold. 

12.0 

G2.3 

Sevenfold. 

12.2 

63.2 

Ninefold. 

13.7 

61.64 

Tf-nfold. 

32.9 

42.4 

Tirelvefbld. 

32.9 

42.8 

Do. 

33.14 

41.44 

Fourteeofold 

31.24 

41.43 

Do. 

31.1 

39.3 

TSrelvefold. 

These  results  are  not  to  be  considered  seriously,  representing  as 
they  do  an  impossible  condition. 

Prof.  H.  A.  Huston*  treated  O.Ol-acre  plots  of  land  each  with 
nitrate  of  soda,  dried  blood,  sulphate  of  ammonia,  rotted  stable 
manure,  and  muck,  respectively,  either  in  the  autumn  or  spring,  or 
in  both  seasons.  In  1891  all  the  plots  treated  with  nitrogenous  com- 
pounds showed  marked  increase  in  the  percentage  of  nitrogen  in  the 
grain.  In  1892  the  results  were  by  no  means  so  uniform  and  would 
not  justify  the  conclusion  that  nitrogenous  fertilizers  increased  the 
nitrogen  content  of  the  wheat. 

Vignon  and  Couturier^  tested  the  effect  of  phosphate  fertilizer 
alone  upon  the  nitrogen  content  of  the  grain  of  two  varieties  of  wheat. 
On  Plot  1  they  used  75  kilograms  of  phosphoric  acid  per  hectare;  on 
Plot  2,  150  kilograms,  and  on  Plot  3,  225  kilograms. 


Variety. 


Percentage  of  nitrogen  in 
grain. 


Plot  1. 


Goldendrop. 
Ri^te 


1.83 
2.07 


Plot  2.       Plot  3. 


1.6] 
1.98 


1.54 
1.82 


There  was  a  very  evident  decrease  in  the  nitrogen  content  of  the 
crop  as  the  quantity  of  fertilizer  was  increased. 

It  was  concluded  from  experiments  conducted  at  the  Ploti  Experi- 
ment Station^  that,  with  favorable  meteorological  conditions,  maniure 
increased  the  total  amount  of  nitrogen  taken  up  by  wheat,  but, 


«  Practical  Hints  on  Farming,  London,  1868. 
^Indiana  Experiment  Station  Bulletins  41  and  45. 
<'Compt.  Rend.,  132  (1901),  p.  791. 

'^Abstract,  Experiment  Station  Record,  14,  p.  340,  from  Sept.  Rap.  An.  Sta.  Ezpt. 
Agron.  Ploty,  1901,  pp.  xiv-180. 
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although  it  thus  increased  the  total  production  of  nitrogen,  it 
decreased  the  relative  proportion  of  nitrogenous  substance. 

Bogdau"  conducted  investigations  the  results  of  which  indicated 
that  ^'ith  an  increase  in  the  soluble  salt  content  of  22  alkah  soils  the 
nitrogen  and  ash  contents  of  the  wheat  kernels  increased,  but  the 
absolute  w^eight  of  the  kernels  diminished.  These  soluble  salts  are 
rich  in  nitrates. 

Experiments  were  conducted  by  Whitson,  Wells,  and  Vivian*  in 
which  plants  were  grown  in  pots  the  soils  of  which  were  in  some  cases 
fertilized  with  nitrates  and  in  others  with  leachings  of  single  and 
of  double  strengths  from  fertile  soils.  Field  experiments  were  con- 
ducted on  manured  and  unmanured  plots.  All  of  the  analyses, 
except  in  the  case  of  oats,  were  of  the  whole  plant.  Of  the  ripe  oat 
kernels  those  from  the  unfertilized  soil  contained  2.57  per  cent  of 
nitrogen,  while  the  average  of  those  from  the  fertiUzed  soil  was  2.78 
per  cent. 

Guthrie^  conducted  experiments  with  fertiKzers  for  wheat  during 
two  years,  in  which  he  kept  a  record  of  the  yield  and  gluten  content  of 
the  grain.     The  following  is  a  statement  of  the  results: 


Experiments  in  1901 — 


At  Wagga. 


At  Bathurst. 


Experiments      in 
1902,  at  Wagga. 


Kind  of  fertilizer,  if  any. 


Yield 
per  acre 
(bush- 
els). 


None 7-7 

Ammonium  stilphate 8. 7 

Superphosphate 13. 3 

Potassium  sulphate 13. 0 

Ammonium  sulphate,  superphosphate, 

potassium  sulphate 10. 0 


Percent- 
age of 
gluten. 


11.99 
10.43 
12.06 
12.02 

11.70 


Yield 

per  acre 

(bushr 

els). 


13 
16 

13.5 
13.0 


Percent- 
age of 
gluten. 


13.7 


11.80 
11.21 
12.01 
11.29 

12.05 


I 


Yield 
per  acre 
(bush- 
els). 

17.6 
17.6 
22.6 
19.2 

20.3 


Percent- 
age of 
gluten. 


9.8 

8.7 

11.4 

10.0 

12.0 


In  this  experiment  there  was  in  each  case  a  higher  percentage  of 
gluten  in  the  wheat  raised  on  the  fertilized  soil  than  in  that  from  the 
soil  fertilized  with  ammonium  sulphate,  and  in  the  latter  less  than  in 
the  grain  fertilized  with  other  material. 

The  most  striking  feature  of  these  results  is  their  apparent  lack  of 
uniformity.  In  some  cases  the  use  of  nitrogenous  fertilizers  was 
accompanied  by  an  increase  in  the  nitrogen  content  of  the  grain  and 
in  other  cases  no  increase  appeared;  in  some  cases  phosphoric  acid 
fertilizers  apparently  increased  the  nitrogen  content  and  in  others 
they  did  not  have  this  effect. 

Climatic  influences  have  doubtless  operated  largely  in  these  results, 
but  they  are  not  considered  by  any  of  the  experimenters  except  Wolff. 

"Abstract,  Experiment  Station  Record,  13,  p.  329,  from  Report  of  Department  of  Agri- 
culture, St.  Petersburg,  1900. 

ft  Wisconsin  Experiment  Station  Report,  19  (1902),  pp.  192-209. 

<^ Agricultural  Gazette  of  New  South  Wales,  13  (1902),  No.  6,  p.  664;  and  No.  7,  p.  728. 


28  IMPROVING  THE  QUALITY  OF  WHEAT. 

It  is  evident  that  in  all  experiments  with  depleted  soils  the  plants  on 
the  plots  receiving  complete  fertilizers  would  take  up  larger  amounts 
of  plant  food,  including  nitrogen,  than  would  plants  on  unmaaured 
soils.  Any  conditions  that  would  prevent  the  normal  ripening  of  the 
crop  on  both  soils  w'ould  therefore  leave  a  higher  percentage  of  nitro- 
gen in  the  plants  upon  the  unmanured  soil.  On  the  other  hand, 
under  conditions  which  would  permit  of  a  complete  maturation  of  the 
crop  there  might  be  no  difference  in  the  composition  of  the  grain  from 
the  manured  and  unmanured  soils.  It  is  evident,  however,  that  the 
production  of  both  nitrogen  and  starch  in  pounds  per  acre  woilld  be 
greater  on  the  manured  soils. 

Another  condition  that  may  affect  the  results  is  the  arrested  devel- 
opment of  kernels  on  unmanured  soils  that  are  seriously  depleted  of 
plant  food.  SuCh  depletion  may  interfere  with  complete  maturation 
of  the  crop  while  the  qrop  on  the  manured  soil  will  mature  fully.  In 
consequence  the  grain  on  the  unmanured  soil  will  contain  a  higher 
percentage  of  nitrogen  but  a  smaller  yield  per  acre.  The  use  of  a 
nitrogenous  manure  alone  on  exhausted  soils  may  likewise  result  in 
a  grain  of  higher  nitrogen  content. 

Expressed  in  a  more  general  way,  tliis  means  that  wheat  of  the 
same  variety  grown  under  the  same  climatic  conditions  wiU  have 
approximately  the  same  percentage  of  nitrogen  if  allowed  to  mature 
fully,  but  any  permanent  interruption  in  the  process  of  maturation 
will  result  in  a  higher  percentage  of  nitrogen,  and  in  the  latter  case  the 
percentage  of  nitrogen  will  depend  upon  the  stage  at  wliicli  develop- 
ment was  interrupted,  and  also  upon  the  amount  of  nitrogen  accumu- 
lated by  the  plant,  that  being  greater  on  soils  manured  with  nitroge- 
nous fertilizers  alone  than  on  exhausted  soils,  and  greater  on  soils 
receiving  complete  manures  than  on  exhausted  soils  receiving  only 
nitrogenous  fertilizers,  provided  the  stage  at  which  development 
ceased  be  the  same  in  both  cases.  It  thus  happens  that  wheat  grow- 
ing on  the  soil  allowing  it  to  absorb  the  largest  amount  of  nitrogen 
will,  other  things  being  equal,  have  a  higher  nitrogen  content  if  the 
development  of  the  kernel  be  permanently  checked,  although  if  it 
were  allowed  to  mature  fully  it  would  not  have  a  greater  percentage 
of  nitrogen  than  that  grown  on  the  soil  affording  less  nitrogen. 

Reviewing  the  experiments,  we  find  that  in  Lawes  and  Gilbert's 
first  experiment  tlie  percentage  of  nitrogen  in  the  unmanured  soil  was 
less  than  on  the  soil  receiving  only  nitrogenous  fertilizer,  and  that  the 
weight  of  grain  per  bushel  and  the  percentage  of  good  kernels  on  the 
two  plots  were  practically  the  same.  It  would  not  appear,  therefore. 
that  the  wheat  on  the  plot  receiving  the  nitrogenous  fertiUzer  was  less 
well  matured  than  that  on  the  unmanured  plot.  In  this  case  there 
appears  to  be  a  slight  increase  in  the  percentage  of  nitrogen,  due 
entirely  to  the  use  of  nitrogenous  fertilizers.     Comparing  the  giain  on 
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the  plot  receiving  only  nitrogenous  fertilizer  with  that  receiving  the 
complete  fertihzer  it  will  be  seen  that  the  former  has  a  higher  percent- 
age of  nitrogen,  but  this  is  evidently  due  to  the  poorly  developed  ker- 
nels which  w^eigh  less  per  bushel  than  the  grain  on  the  completely 
fertilized  plot. 

Von  Gohren's  results  show  plainly  that  the  kernels  on  the  manured 
land  developed  better  than  on  the  unmanured,  and  with  this  better 
development  there  was  an  increase  in  the  percentage  of  starch  and  a 
decrease  in  the  nitrogen. 

In  Lawes  and  Gilbert's  second  experiment  the  percentage  of  nitro- 
gen in  the  wheat  on  the  soil  manured  with  ammonium  salts  was  less 
than  that  in  the  wheat  on  the  unmanured  soil,  but  the  weight  of  grain 
per  bushel  shows  that  the  higher  nitrogen  content  was  due,  in  part  at 
least,  to  incomplete  maturation.  The  higher  percentage  of  nitrogen 
in  the  wheat  on  the  soil  receiving  only  nitrogenous  manures  as  com- 
pared with  that  receiving  complete  manures  can  be  traced  to  the  same 
condition  of  the  grain. 

ixfllt:nce  of  soil  moistltie  upon  composition  and  yield. 

Experiments  were  conducted  by  D.  Prianishinkov  ^  in  which  wheat 
was  raised  with  different  degrees  of  moisture,  but  in  the  same  soil  and 
under  the  same  conditions  of  light  and  temperature.  With  a  larger 
amount  of  moisture  in  the  soil  there  was  a  lower  nitrogen  content  in 
the  grain.  It  was  also  stated  that  the  duration  of  the  period  of  vege- 
tation was  somewhat  shorter  when  the  moisture  supply  was  greater. 

Traphagen  *  reports  marked  changes  in  the  composition  of  wheat 
grown  with  and  without  irrigation  at  the  Montana  Experiment 
Station.  A  wheat  grown  under  irrigation  on  the  station  farm  was 
planted  the  following  year  on  land  not  irrigated.  Presumably  the 
land  was  of  similar  character.  The  two  crops  of  grain  were  analyzed 
and  the  percentages  stated  below  were  found. 

rp««  I     Mots-     ,    Crude        Ether    ''^'^'l^S*^"  I    Crude        ..h 

^'°P-  I     ture.       protein,    extract,    extract.  !     ^*^''- 


Per  ct.   ,   Per  a.       Per  d.       Per  ct.   i   Per  cl.   \  Per  ct. 

Trriffated  wheat 7.87  8.81  1.93  76.99'  2.(0^        1.80 

Unirrigated  wheat 7.65  14.41  2.23  71.33  2.65  1.70 


No  records  of  yields  or  of  weights  of  kernels  are  given,  but  it  is  fair 
to  suppose  that  the  unirrigated  wheat  possessed  the  light,  shrunken 
kernel  which  is  characteristic  of  wheat  raised  without  sufficient 
moisture. 


"  Abstract,  Experiment  Station  Record,  13,  p.  631,  from  Zhur.  Opuitn.  Agron.,  1  (1900), 
No.  1,  pp.  13-20. 

6 Montana  Experiment  Station  Report  (1902),  pp.  5^60. 
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Irrigation  experiments  were  conducted  by  Widtsoe  ^  in  which  wheat 
of  the  same  variety  was  raised  on  plots  of  land  each  one  of  which 
received  a  different  quantity  of  water.  A  record  was  kept  of  the 
yield  and  composition  of  the  grain  on  each  plot. 


Plot. 

Water 

applied 

(Inches). 

Yield 
per  acre 
(bush- 
els). 

Percentage  of            ^ield  (In  pounds) 
^                    per  acre  of — 

Protein 
in  grain. 

Ash  in 
grain. 

Nitrogen.      Ash. 

317 
319 
320 
318 
321 
325 
322 
326 
32V 
328 
329 
330 
t 

4.63 

5.14 

8.73 

8.80 

10.30 

12.09 

12.18 

12.80 

17.50 

21.11 

30.00 

40.00 

4.50 
3.83 
10.33 
11.33 
14.66 
11.16 
11.66 
13.00 
15.33 
17.33 
26.66 
14.50 

24.8 
23.2 
.     19.9 
19.4 
18.4 
21.3 
23.1 
17.1 
17.2 
1.5.9 
14.0 
17.1 

2.50 
3.07 
2.54 
2.93 
2.31 
3.25 
2.88 
2.52 
2.57 
2.34 
4.14 
2.52 

10.7            6.75 
8.5            7.05 

19.7  15.74 
21.1          19.72 
25.9          20.24 

22.8  21.44 
25.8          20.30 
21.3          21.50 

25.3  23.64 

26.4  24.33 
35.8          66.20 
23.8          21.92 

1 

The  results  show  that  with  an  increase  in  the  water  used  for  irriga- 
tion up  to  30  inches  there  were  in  general  an  increase  in  the  yield  of 
grain  and  a  decrease  in  the  nitrogen  content.  No  volume  weights 
or  other  means  of  judging  of  the  development  of  the  kernels  on  the 
different  plots  are  given,  but  there  is  no  reason  to  suppose  that  the 
grain  on  the  plots  receiving  small  quantities  of  water  was  not  poorly 
developed.  The  column  added  showing  the  yield  of  nitrogen  in 
pounds  per  acre  indicates  a  lack  of  nutriment  in  the  grain  on  these 
plots.* 

High  nitrogen  content  arising  from  a  small  supply  of  soil  moisture 
is  sometimes  due  to  a  restricted  development  of  the  kernel.  There 
is  nothing  in  these  results  to  indicate  a  greater  absorption  of  nitrogen 
by  the  crop  on  soil  having  less  moisture,  but  results  of  this  nature 
are  cited  elsewhere  in  this  bulletin. 


INFLUENCE  OF  SIZE  OR  WEIGHT  OF  THE    SEED-WHEAT  KERNEL  UPON 

THE    CROP   YIELD. 

Sanborn^  reports  experiments  to  ascertain  the  effect  of  separating 
seed  wheat  into  kernels  of  different  grades  to  ascertain  the  effect  upon 
the  yield.  He  divided  the  kernels  into  large,  medium,  small,  ordinary 
(grain  as  it  came  from  the  thrasher),  and  shriveled,  and  continued 
the  experiments  for  four  y^ears.  Apparently  the  large  kernels  were 
separated  from  the  crop  grown  from  large  seed  the  previous  year,  and 

<i  Utah  Experiment  Station  Bulletin  80. 

'>  Nitrogen  has  been  calculated  from  proteids  by  dividing  by  6.25. 

«Utah  Experiment  Station  Report,  1893,  p.  168. 
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SO  with  the  other  classes  of  kernels.     He  tabulates  his  results  as 
follows : 


Kind  of  teed. 


Yield  of  grain  on  plots  (in 
pounds) . 


1890.    >    1801. 


1802. 


1893. 


Large 

Medium . . 

Bmall 

Ordinary. 
Shrivetecl. 


S8.5 


Average 
for  4 
yeard. 

Bushels 
per  acre. 


M.O 
84.0 


72.5 
70.0 
105.0 
d5.0 
43.0 


111 

63.0 

18.72 

87 

67.0 

16.60 

64 

74.0 

18.72 

87 

29.5 

16.42 

78 

31.0 

11.25 

( 


The  relation  between  yields  of  the  crops  representing  different 
sized  kernels  is  so  irregular  from  year  to  year  that  suspicion  is 
aroused  regarding  the  accuracy  of  the  results,  due  to  lack  of  uni- 
formity in  soil.  Sanborn's  conclusion  is  that  very  little,  if  any, 
advantage  is  to  be  gained  by  separating  seed  wheat  and  planting 
the  large  kernels. 

At  the  Indiana  Experiment  Station,  Latta'*  conducted  experi- 
ments in  which  wheat  was  separated  by  means  of  a  fanning  mill  into 
heavy  and  light  kernels,  but  impurities  and  chaffy  seed  were  fanned 
out  of  each  lot  of  wheat.  The  experiments  were  continued  three 
years,  but  the  separations  were  made  each  year  from  seed  that  had 
not  been  so  separated  the  year  before.  The  average  gain  from  the 
large  seed  for  three  years  was  2.5  bushels  per  acre. 

Georgeson,*  at  the  Kansas  station,  seeded  plots  of  land  with  (1) 
light  seed  weighing  56  pounds  per  bushel,  (2)  common  seed  weighing 
62.5  pounds,  (3)  heavy  seed  weighing  63  pounds,  and  (4)  selected 
seed,  obtained  by  picking  the  largest  and  finest  heads  in  the  field  just 
before  the  crop  was  cut,  weighing  61.5  pounds  per  bushel.  Seed  was 
separated  each  year  from  wheat  not  grown  from  previously  selected 
seed.     The  average  results  for  three  years  were  as  follows: 


Grade  of  seed. 


Light.... 
Common . 


Yield  of 
grain 

per  acre 
(bush- 
els). 


25.19 
26.57 


IleAvy 

Select  (average  for  2  years) 


Yield  of 
grain 

per  aero 
(bush- 
els). 


27.07 
25.82 


Desprez^  reports  experiments  extending  through  three  years  in 
which  large  kernels  were  selected  from  a  crop  grown  from  large  seed 

'    a  Indiana  Experiment  Station  Bulletin  36,  pp.  110-128. 

b  Kansas  Experiment  Station  Bulletin  40,  pp.  51-62. 

<^  Abstract,  Experiment  Station  Record,  7,  p.  679,  from  Jour.  Agr.  Prat.,  59  (1895),  2, 
pp.  694-698. 
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for  several  years  and  small  seed  from  a  crop  grown  from  small  seed 
for  several  years.  Five  varieties  of  wheat  were  used.  The  average 
results  for  tliree  years  were  a  difference  of  1,067  tp  1,828  kilograms 
of  grain  per  hectare  in  favor  of  the  large  seed,  but  the  difference  was 
in  general  greater  the  first  year  than  later.  The  use  of  large  seed 
gave  a  crop  with  kernels  larger  than  those  grown  from  smaU  seed. 

Middleton^  reports  the  yields  obtained  from  large  wheat  kernels 
to  be  almost  double  those  obtained  from  small  seed  kernels. 

Bolley,^  as  the  results  of  experiments  continuing  for  four  years  in 
which  plump  kernels  of  large  size  and  plump  kernels  of  small  size 
were  selected  for  seed,  concludes  that  "perfect  grains  of  lai^e  size 
and  greatest  weight  produce  better  plants  than  perfect  grains  of 
small  size  and  light  weight,  even  when  the  grains  come  from  the  same 
head.'^ 

At  the  Ontario  Agricultural  College,  Zavitz^  selected  large  plump 
seed,  small  plump  seed,  and  shrunken  seed  of  both  spring  and  winter 
wheat.  Experiments  were  continued  for  eight  years  with  spring 
wheat  and  five  years  with  winter  wheat,  the  selections  each  year 
being  from  a  crop  grown  from  previously  unselected  seed.  His 
results  are  as  follows: 


Kind  of  seed. 


Yield  per  acre  (in 
Lusheis). 

Spring      Winter 
wheat.      wheait. 


Large,  plump 21. 7  !  42. 4 

Small,  plump 18.0  .  34.S 

Shrunken 16. 7  ,  33. 7 


Deherain  and  Dupont^  report  that  the  yields  from  small  and  large 
kernels  of  a  number  of  varieties  of  wheat  were  in  all  cases  in  favor  of 
the  large  kernels,  but  a  large  difference  in  yield  was  obtained  only 
when  there  was  a  marked  difference  in  the  weight  of  the  kernels. 

Soule  and  Vanatter'  conducted  experiments  for  three  years  in 
which  large  and  small  kernels  were  separated  by  means  of  sieves. 
In  addition  a  plot  of  unselected  seed  was  planted.  The  large  seed 
was,  each  year  after  the  first,  selected  from  the  crop  grown  from 
large  seed  the  previous  year.  The  same  was  true  of  the  small  seed. 
These  investigators  say: 

ff  Abstract,  Experiment  Station  Record,  12,  p.  441,  from  Univ.  C!oll.  of  Wnles  Rept., 
1899,  pp.  68-70. 

^  North  Dakota  Experiment  Station  Report,  1901,  p.  30. 

^Ontario  Agricultural  College  and  Experiment  Farm  Report,  1901,  p.  84. 

^'Abstract,  Experiment  Station  Record,  15,  p.  672,  from  Compt.  Rend.,  135  (1902), 
p.  654. 

'Tennessee  Experiment  Station  Bulletin,  vol.  16,  No.  4,  p.  77. 
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The  average  difference  in  yield  at  the  end  of  three  years  between  large  grains  (6Q7  per 
ounce),  commercial  sample  (689  per  ounce),  and  small  grains  (882  per  ounce),  with  Med- 
iterranean wheat,  was  2.06  bushels  in  favor  of  large  grains  as  compared  with  the  commercial 
sample,  and  5.18  bushels  in  favor  of  large  grains  over  small  grains.  The  difference  in  yield 
between  the  large  grains  and  the  commercial  sample  chiefly  occurred  the  first  year;  but  it 
is  possible,  though  hardly  probable,  that  the  difference  was  partly  due  to  variation  in  the 
soil.  The  experiment  has  been  carried  on  in  different  parts  of  the  field  for  the  last  two 
years,  and  the  difference  in  yield  is  now  only  0.32  bushel  per  acre  in  favor  of  the  large  grains. 

Cobb"  reports  tests  of  various  grades  of  wheat  kernels  with  respect 
to  size,  and  concludes  that  large  kernels  give  better  jdelds  of  grain. 
The  seed  of  one  year  was  not  the  product  of  the  corresponding  grade 
of  the  previous  one. 

Grenfell*  selected  plump  and  shriveled  kernels  from  the  same  bulk 
of  grain.  Of  these  150  kernels  were  sown  in  each  row,  with  rows  of 
plump  and  shriveled  kernels  alternating.  The  germination  in  both 
rows  appeared  much  alike,  but  the  plants  in  the  rows  sown  from 
plump  grain  soon  began  to  gain  on  the  others  and  kept  ahead  for  the 
remainder  of  the  season.  The  tillering  was  better  in  the  plump- 
grain  plants.     Grenfell  tabulates  his  results  thus: 


Variety. 


Kind. 


Steinwede] '  Plump... 

Do Shriveled . 

Purple  Straw do . . . 

Do Plump... 

Do Shriveled , 

Do Plump... 

•     Do Shriveled. 

Plump-kernel  averages 

Shriveled-kemel  averages » . . 


of  plants     of  heads 
I  that  grew.  I  °'  "eaas. 


96.0 
89.3 
89.3 
90.0 
7fi.O 
92.0 
98.0 


92.7 

88.5 


179 
174 
153 
200 
140 
161 
155 


180 
15,5 


Tillering 
power. 


Average 
yield  per 
acre 
(bush- 
els). 


1.24 
1.29 
1.14 
1.49 
1.16 
1.23 
1.34 

1.32 
1.23 


10.9 
9.9 
6.1 

10 
6.9 
8.4 
7.2 


9.8 
7.5 


As  bearing  upon  this  subject  some  experiments  conducted  by 
Ranker'"  are  of  interest.  He  weighed  each  of  the  kernels  of  a  large 
number  of  heads  of  wheat  of  the  Spalding  Prolific  and  Martin  Amber 
varieties,  and  found  that  the  heaviest  kernels  occur  in  the  lower  half 
of  the  spike.  With  spikes  of  different  lengths  and  weights,  the 
weight  of  the  average  kernel  increases  with  the  size  of  the  spike. 

Weights  of  individual  kernels  from  the  same  spikes  show  that 
there  is  a  great  range  in  this  respect.  One  spike,  of  which  Riinker 
gives  the  weights  of  all  the  kernels,  and  which  is  given  as  representa- 
tive of  the  average,  shows  kernels  varying  in  weight  from  36  to  71 
milligrams. 

a  Agricultural  Gazette  of  New  South  Wales,  14  (1903),  No.  2,  pp.  145-169. 
ft  Agricultural  Gazette  of  New  South  Wales,  12  (1901 ),  No.  9,  pp.  1053-1062. 
c  Jour.  f.  Landw.,  38  (1890),  p.  309. 
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It  is  therefore  quite  evident  that  a  sample  of  wheat  taken  from 
spikes  of  different  sizes  when  separated  into  lots  of  light  and  heavy 
kernels  would  have  both  the  larger  spikes  and  smaller  spikes  repre- 
sented in  each  lot  of  kernels,  but  doubtless  the  proportion  of  kemeLs 
from  large  heads  would  be  greater  in  the  lot  of  heavy  kernels. 

It  would  appear  from  these  results  that  the  evidence  was  over- 
whelmingly in  favor  of  large  or  heavy  wheat  kernels  for  seed.  Most 
of  the  experimenters  selected  seed  of  different  kinds  each  year  without 
reference  to  previous  selection.  If  large  seed  or  small  seed  represent 
plants  of  different  characteristics  and  if  these  properties  are  hered- 
itary, the  results  of  selection  of  large  or  small  seeds  for  several 
years  may  be  quite  different  from  what  they  would  be  the  first  year. 
It  is  only  those  experiments  in  which  selection  of  the  same  kind  of 
seed  has  been  continued  for  several  generations  that  may  be  relied 
upon  to  indicate  the  value  of  continuous  selection  of  large  kernels 
for  seed. 

Such  experiments  have  been  conducted  by  Sanborn,  by  Desprez, 
and  by  Soule  and  Vanatter.  The  work  of  Desprez  indicates  that  the 
size  of  the  kernel  Js  a  hereditary  quality.  That  being  the  case,  it  is 
evident  that  the  small  seed  of  the  first  separation  may  be  composed 
partly  of  seed  that  is  small  on  account  of  immaturity  and  partly  of 
seed  that  is  small  by  inheritance,  but  which  is  perfectly  normal. 
When  such  seed  is  planted  the  immature  seed  will  be  largely  elimi- 
nated in  the  crop,  but  the  naturally  smaU  seed  will  have  reproduced 
itself  and  will  compose  most  of  the  crop.  When  the  seed  is  again 
separated  a  much  smaller  percentage  of  small  seed  will  be  immature, 
and  in  consequence  a  larger  number  of  kernels  will  produce  plants. 
It  would  appear  from  Desprez^s  experiments,  however,  that  those 
plants  producing  small  kernels  are  not  so  prolific  as  those  producing 
large  kernels. 

Sanborn's  results  make  a  very  good  showing  for  the  small  kernels, 
but,  as  before  stated,  the  extreme  irregularity  would  lead  to  the 
belief  that  the  soil  on  the  plots  lacked  uniformity,  or  that  some  other 
errors  had  influenced  the  results.  To  offset  this  the  tests  cover  & 
period  of  four  years,  which  should  help  to  rectify  mistakes,  and  in 
consequence  the  good  showing  made  by  the  small  kernels  is  entitled 
to  some  consideration. 

Soule  and  Vanatter's  results  fulfill  exactlv  the  conditions  of  the 
hypothesis  that  the  small  seed  would  the  first  year  contain  a  much 
larger  proportion  of  immature  kernels  than  it  would  in  subsequent 
years,  and  hence  yield  more  poorly  the  first  year.  Their  results  with 
heavy  kernels  as  compared  with  ordinary  seed  offer  little  encourage- 
ment to  the  continuous  selection  of  large  kernels. 


RELATION    OF   SIZE    OF   KERNEL   TO    NITROGEN    CONTENT.       35 

The  fact  before  referred  to  that  both  large  and  small  kernels  are 
found  on  the  same  head  of  wheat  is  perhaps  an  argument  against  the 
superior  value  of  large  seed.  If  the  plant  and  not  the  seed  is  the  unit 
of  reproduction,  small  seed  from  a  plant  whose  kernels  averaged 
large  size  may  be  better  than  large  seed  from  a  plant  whose  kernels 
averaged  small  size.^ 

On  the  other  hand,  there  can  be  no  doubt  that  the  majority  of  the 
kernels  in  the  lot  of  heavy  kernels  would  be  from  plants  having  large 
spikes,  and  vice  versa.  This  would  give  the  kernels  in  the  heavy  lot 
some  advantage.  Again,  the  advantage  that  the  large  kiernel  is  sup- 
posed to  possess  for  seed  may  not  be  in  producing  a  large  kernel  in 
the  resulting  crop,  but  in  giving  the  plant  a  better  start  in  Ufe,  or 
producing  a  more  vigorous  plant. 

RELATION    OF   SIZE    OF   KERNEL   TO   NITROGEN    CONTENT. 

Richardson  "  has  made  a  large  number  of  analyses  of  wheats  from 
diflFerent  parts  of  the  United  States.  The  weight  of  100  kernels  was 
also  determined  in  each  sample.  There  can  not  be  said  to  be  any 
constant  relation  between  the  nitrogen  content  and  the  kernel  weight, 
but  in  the  main  the  large  kernels  have  a  lower  percentage  of  nitrogen 
than  the  small  kernels,  and  inversely. 

Pagnoul''  reports  that  in  a  test  of  eleven  varieties  of  wheat  there 
was  in  the  main  a  decrease  in  the  percentage  of  nitrogen  in  the  crop 
as  compared  with  the  seed  when  there  was  an  increase  in  the  weight 
of  1,000  kernels  in  the  crop  as  compared  with  the  seed. 

The  same  investigator'^  again  states  that  in  an  examination  of 
seventy  varieties  of  wheat  there  was  no  constant  relation  between 
the  size  of  the  kernels  and  their  nitrogen  content,  but  that  in  general 
the  varieties  with  small  kernels  were  the  varieties  richest  in  nitrogen. 

Marek'^  separated  wheat  of  the  same  variety  into  lots  of  large  and 
of  small  kernels.  He  found  on  analysis  that  the  large  kernels  con- 
tained 12.52  per  cent  protein  and  the  small  kernels  13.55  per  cent 
protein. 

Woods  and  MerrilP  made  analyses  of  a  number  of  wheats  grown 
in  Minnesota  and  of  the  same  varieties  grown  in  Maine.  The  wheats 
uniformly  developed  a  larger  kernel  when  grown  in  Maine.  Grouping 
five  varieties  raised  in  Minnesota*  and  five  raised  in  Maine,  it  will  be 
seen  that  with  this  increase  in  the  size  of  the  kernel  there  was  a 


«  U.  S.  Department  of  Agriculture,  Division  of  Chemistry,  Bulletins  1  and  3. 
^  Abstract  in  Centrlb.  f.  Agr.  Chem.,  1893,  p.  616,  from  ^Vnn.  Agron.,  1892,  p.  486. 
c  Abstract  in  Centrlb.  f.  Agr.  Chem.,  1888,  p.  767,  from  Ann.  Agron.,  14,  pp.  262-272. 
^^  Abstract  in  Centrlb.  f.  Agr.  Chem.,  1876,  from  Landw.  Z§itung  f.  Westfalen  u.  Lippe, 
1875,  p.  362. 

^  Maine  Experiment  Station  Bulletin  97. 
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decrease  in  the  nitrogen  content.     The  analyses,  reduced  to  a  water- 
free  basis,  are  as  follows: 


Weight  of    T>^_,---,.._- 
Where  grown.  100  kernels  •  if  "XJl^iT 


Minnesota 2. 239  !&.  22 

Maine 3.109  la.« 

In  a  review  of  the  experiments  concerning  the  relation  of  weight 
to  composition  of  cereals,  GwaUig"  says  that  the  results  obtained 
by  Marek,  WoUny,  Milrcker,  HoflFmeister,  and  Nothwang  divide 
barley  and  rye  into  one  group,  and  wheat  and  oats  into  another,  as 
regards  this  relation.  With  barley  and  rye,  the  largest,  heaviest 
kernels  are  the  richest  in  protein.  With  wheat  and  oats,  the  smallest, 
lightest  kernels  have  the  highest  protein  content. 

Gw^allig  says  further  that  with  an  increased  protein  content  there 
is  a  decrease  in  nitrogen-free  extract.  The  fat  and  ash  do  not  stand 
in  a  definite  relation  to  the  kernel  weight,  but  the  small,  light  kernels 
have  a  higher  percentage  of  crude  fiber,  w^hich  circumstance  is 
accounted  for  by  the  larger  surface  possessed  by  the  smaller  kernels. 

Snvder*  has  divided  small  kernels  into  two  classes — those  which 
are  small  because  shrunken  and  those  w^hich  are  small  although  well 
filled.  He  finds  that  as  between  small  kernels  of  the  first  class  and 
large,  well-filled  kernels,  the  former  contain  a  higher  percentage  of 
nitrogen,  but  as  between  the  small,  well-filled  and  the  large,  well-filled 
kernels,  the  latter  contain  the  higher  percentage  of  nitrogen.  In 
testing  this  he  used  large  and  small  kernels  of  the  same  variety  in 
each  case,  and  the  wheats  represented  a  large  portion  of  the  wheat- 
growing  area  of  the  United  States.  As  regards  the  relation  of  large, 
perfect,  and  small,  perfect  kernels  there  were  tw^enty-four  out  of 
twenty-seven  cases  in  which  the  large  kernels  contained  a  greater 
percentage  of  nitrogen. 

Johannsen  and  Weis,"*  in  experiments  with  five  varieties  of  wheat, 
find  that  as  a  general  rule  the  percentage  of  nitrogen  is  increased 
with  increasing  grain  weight,  but  that  there  are  many  exceptions 
to  the  rule.  * 

Cobb ''  states  that  small  wheat  kernels  contain  a  larger  proportion 
of  gluten  than  do  large  ones,  but  he  does  not  submit  any  analyses  to 
substantiate  his  statement. 


«  Alwtract  in  Centrlb.  f.  Agr.  Chem.,  24  (1895),  p.  388,  from  I^ndw.  (Tahrbucher,  23 
(1894),  p.  83.5. 

^  Minnesota  Experiment  Station  Bulletin  85. 

^  Alwtract,  Experiment  Station  Record,  12,  p.  327,  from  Tidsskr.  Landbr.  Planteavl.,  5 
(1899),  pp.  91-100. 

</  Agricultural  Gazette  of  New  South  Wales,  5  (1894),  Xo.  4,  pp.  239-250. 
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Kornicke  and  Werner"  quote  the  experiments  of  Reiset  to  show 
that  shriveled  kernels  have  a  higher  nitrogen  content  than  plump 
ones.     With  different  varieties  of  wheat  he  found  the  following: 


Variety. 


Kind. 


Spalding. 

Do.. 
Vietoriii. 

Do.. 
Albert . . . 


Shriveled. 
Plump... 
Shriveled. 
Plump... 
Shriveled , 


Do I  Plump . 


Percent- 
age  of 

nitrogen 
in  dry 

matter 


2.48 
2.33 
2.44 
2.08 
2.59 
2.35 


Carle  ton*  records  the  weight  of  100  kernels  and  the  percentage  of 
••albiuninoids*'  in  sixty-one  samples  of  wheat  from  various  parts  of 
the  world.  Dividing  these  into  classes  according  to  the  weight  of 
100  kernels  we  have  the  following: 


Weight  of 

100  kernels 

(grams). 


2  to  3 

3  to  4 
over  4 


Average 

weight  of  -    ,. 

kernels      ageoiaiDu- 


Percent- 


(grams). 


minoids. 


2.66 
3.67 
4.  ri7 


14.  r>8 

12.31 
11.62 


Number 
of  sam- 
ples. 


6 
25 
30 


Reviewing  these  experiments  there  would  seem  to  be  no  doubt 
that  shrunken  kernels  contain  a  higher  percentage  of  nitrogen  than 
do  well-filled  ones,  but  as  between  large  and  small  kernels,  both  of 
which  are  well  filled,  there  is  not  a  great  deal  of  information.  Snyder's 
experiments  are  the  only  ones  that  cover  this  ground,  but  they  are 
extensive  and  very  uniform,  and  may  be  considered  as  deciding  the 
question  in  favor  of  a  higher  nitrogen  content  for  the  large  kernels, 
so  far  as  small,  plump  kernels  and  large,  plump  kernels  are  concerned. 
But,  as  small  and  light  kernels  are  usually  not  plump,  taking  the 
crop  as  a  whole  and  dividing  it  equally  into  large  and  small  or 
heavy  and  light  kernels,  the  evidence  would  be  in  favor  of  the  small 
or  light  kernels  for  high  nitrogen  content.  As  between  wheats  from 
different  regions  and  of  different  varieties,  those  having  small  kernels 
are  generally  of  higher  nitrogen  content. 


INFLUENCE    OF    THE    SPECIFIC    (JRAVITY    OF    THE    SEED    KERNEL    UPON 

YIELD. 

Sanborn^  separated  seed  wheat  with  a  sieve  into  large,  medium, 
small,  and  shriveled  kernels.    The  large  seed  was  separated  by  means 

«Handbuch  des  Getreidebaues,  1,  pp.  520-521,  Berlin,  18^. 

&U.  S.  Department  of  Agriculture,  Division  of  Vegetable  Physiology  and  Pathology, 
Bulletin  24. 

c  Abstract,  Experiment  Station  Record,  5,  p.  58,  from  Utah  Experiment  Station  Report, 
1892,  pp.  133-135. 
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of  a  brine  solution  into  two  nearly  equal  parts.  The  seed  thus  sepa- 
rated was  planted  on  separate  plots.  The  experiment  was  con- 
tinued three  years.  The  heavy  seed  yielded  10.8  bushels  and  the 
light  16.3  bushels  per  acre.  Unselected  seed  yielded  16.4  bushels 
per  acre. 

Seed  wheat  of  four  yarieties  was  separated  by  Church"  by  means 
of  solutions  of  calcium  chlorid  having  specific  gravities  of  1.247, 
1.293,  and  1.31.  The  seed  was  first  treated  with  a  solution  of  mer- 
curic chlorid  to  remove  adherent  air.  Each  lot  of  seed  was  planted 
separately.     From  the  results  the  following  conclusions  are  drami: 

(1)  The  seed  wheat  of  the  greatest  density  produced  the  densest 
seed. 

(2)  The  seed  wheat  of  the  greatest  density  yielded  the  largest 
amount  of  dressed  grain. 

(3)  The  seed  of  medium  density  generally  gave  the  largest  number 
of  ears,  but  the  ears  were  poorer  than  those  from  the  densest  seed. 

(4)  Seed  of  medium  density  generally  produced  the  lai^est  number 
of  fruiting  plants. 

(5)  The  seed  wheat  that  sank  in  water,  but  floated  in  a  solution 
having  the  density  1.247,  was  of  very  low  value,  yielding  on  an 
average  only  34.4  pounds  of  dressed  grain  for  everA"  100  yielded  by 
the  densest  seed. 

Haberlandt,*  as  the  result  of  experiments  with  several  cereals,  has 
shown  that  the  comparative  weight  of  kernels  is  transmitted  to  the 
grain  resulting  from  this  seed.  This  was  the  case  with  wheat,  rj^e, 
barley,  and  oats.     The  results  with  wheat  were  as  follows: 


Number  of  pounds. 

Weight  of  kernels. 

Light. 

Hedium.  .  Heaw. 

1 .000  seed  kernels 

29.5 

Qramt. 
31.2 

33  f) 

1.000  croD  kernels    . . 

34.3             35.5               2K  .1 

Wollny ^  objects  to  the  results  of  the  experiments  by  F.  Haberlandt, 
Church,  Trommer,  Hellriegel,  and  Ph.  Dietrich  with  various  cereals. 
in  which  almost  without  exception  the  kernels  of  high  specific  gravity 
produced  the  best  yields,  because  no  distinction  was  made  between 
absolute  weight  and  specific  gravity  in  the  kernels.  He  claims  that 
the  value  of  the  seed  Ues  in  the  kernels  of  absolutely  heavy  weight 
rather  than  in  the  kernels  of  high  specific  gravity.  He  concludes 
tliat  the  specific  gravity  of  the  seed  exerts  no  influence  on  the  yield 
of  the  crop. 

«  Science  with  Practice, 
ft  Jahresb.  Agr.  Chem.,  1866-67,  p.  298. 

^^  Abstract  in  Centrlb.  f.  Agr.  Cheni.,  1887,  p.  169,  from  Forschungen  a.d.  Gebiet^.  Agri- 
Icultiirphysik,  9  (1886),  pp.  207-216. 
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In  the  light  of  the  experiments  that  have  been  conducted  with 
seed  wheat  of  high  and  low  specific  gravities,  it  would  appear  that, 
in  general,  seed  of  very  low  specific  gravity  does  not  yield  well,  and 
it  is  evident  that  such  seed  must  be  deficient  in  mineral  matter  and 
is  probably  not  normal  in  other  respects.  There  would  not  appear, 
however,  to  be  any  marked  difference  in  the  productive  capacity  of 
kernels  of  medium  specific  gravity  and  kernels  of  great  specific 
gravity. 

RELATION  OF  SPECIFIC   GRAVITY  OF  KERNEL  TO   NITROGEN   CONTENT. 

Marek''  found  that  with  an  increase  in  the  specific  gravity  of  the 
kernel  there  was  a  decrease  in  nitrogen  content. 

Pagnoul,*  in  testing  seventy  varieties  of  wheat,  found  that  the 
nitrogen  content  rose  with  the  specific  gravity,  but  not  regularly, 
and  that  a  definite  relation  could  not  be  traced. 

Wollny^  took  kernels  of  horny  structure  and  kernels  of  mealy 
structure.  He  says  it  is  generally  recognized  that  the  hard,  horny 
kernels  have  a  higher  specific  gravity,  and  that  it  is  commonly 
attributed  to  their  higher  content  of  proteids.  He  contends  that  as 
starch  has  a  higher  specific  gravity  than  protein  the  mealy  kernels 
must  really  have  a  higher  specific  gravity  than  the  horny  ones. 

KOmicke  and  Werner^'  state  the  specific  gravities  of  the  various 
chemical  constituents  of  the  wheat  kernel  as  follows:  Starch,  1.53; 
sugar,  1.60;  cellulose,  1.53;  fats,  0.91  to  0.96;  gluten,  1.297;  ash, 
2.50;  water,  1.00;  air,  0.001293.  They  state  also  (p.  121)  that  the 
specific  gravity  of  the  kernel  does  not  stand  in  any  relation  to  the 
volume  weight,  for  the  factor  which  results  from  weighing  a  certain 
volume  mass  is  influenced  by  the  air  spaces  between  the  kernels,  and 
these  depend  upon  the  form  and  size  as  well  as  the  surface  and  acci- 
dental structure  of  the  kernel.  They  also  contend  that  there  is  no 
relation  between  the  volume  weight  and  the  content  of  proteid 
material. 

Schindler^  shows  that  by  tabulating  a  large  number  of  varieties 
of  wheat  from  diflFerent  parts  of  the  world,  and  representing  diflFerent 
varieties,  there  is  no  relation  between  the  weight  of  1 ,000  kernels 
and  the  volume  weight  of  100  c.  c.  By  separating  these  into  varieties, 
even  when  grown  in  diflFerent  localities,  kernels  of  the  same  variety 
did  show  a  definite  and  constant  relation.  The  volume  weight 
increased  with  an  increase  in  the  weight  of  1,000  kernels. 

«  Abstract  in  Centrlb.  f.  Agr.  Chem.,  1876,  p.  46,  from  Landw.  Zeitung  f.  Westfalen  u. 
Lippe,  1875,  p.  362. 

&  Abstract  in  Centrlb.  f.  Agr.  Chem.,  1888,  p.  767,  from  Ann.  Agron.,  14,  pp.  262-272. 

<•  Abstract  in  Centrlb.  f.  Agr.  Chem.,  1887,  p.  169,  from  Forschungen  a.  d.  Gebiete  Agri- 
kulturphysik,  9  (1886),  pp.  207-216. 

cfHandbuch  des  Getreidebaues,  2,  p.  120,  Berlin,  1884. 

^  Jour.  Landw.,  45  (1897),  p.  61. 
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There  has  long  been  a  desire  manifested  by  workers  in  this  field  to 
establish  some  definite  relation  between  the  specific  gravity  of  the 
wheat  kernel  and  its  composition,  or  at  least  its  nitrogen  content. 
Very  contradictory  results  have  been  obtained  by  several  experi- 
menters, and  little  progress  has  been  made. 

It  is  true  that  the  various  chemical  constituents  that  go  to  com- 
pose the  wheat  kernel  have  different  specific  gravities,  and  as  those 
of  the  carbohydrates  are  all  less  than  those  of  the  proteids  it 
might  be  argued  that  a  wheat  having  a  large  proportion  of  proteid 
material  would  have  a  low  specific  gravity.  However,  the  specific 
gravity  of  the  ash  is  so  much  greater  than  that  of  any  other  constit- 
uent and  the  ash  in  wheats  from  different  soils  and  climates  varies  so 
much  that  these  factors  completely  prevent  the  establishment  of  a 
definite  relation.  The  size  and  number  of  the  vacuoles  also  influence 
the  specific  gravity. 

In  general,  it  may  be  said  that  as  between  kernels  of  the  same 
variety  grown  in  the  same  season  and  upon  the  same  soil,  the  specific 
gravity  is  inversely  proportional  to  the  nitrogen  content. 

CONDITIONS  AFFECTING  THE  PRODUCTION  OF  NITROGEN  IN  THE  GRAIN. 

So  far  as  the  writer  has  been  able  to  ascertain  there  is  no  literature 
bearing  directly  upon  the  conditions  affecting  the  production  of 
nitrogen  in  the  grain  of  wheat. 

Regarding  high  nitrogen  in  the  wheat  crop  as  arising  merely  from 
failure  on  the  part  of  the  kernel  to  develop  fully,  it  would  seem  that 
a  high  percentage  of  nitrogen  would  inevitably  be  accompanied  b}- 
a  small  production  of  nitrogen  per  acre.  This,  however,  does  not 
always  appear  to  be  the  case. 

Taking,  for  instance,  the  yields  of  wheat  obtained  by  Lawes  and 
Gilbert^'  for  a  period  of  twenty  years,  which  they  divide  into  two 
periods  of  good  and  of  poor  crops,  each  covering  ten  years,  we  have 
the  following  figures : 


Seasons. 


Good  crop  seasons. 
Poor  crop  seasons. 


^!d*S?        Weight  Z^JH^ 

grain  per  '  per  bushel  ?iV^£J 

acre         (pounds).  ,^,ZiI. 

(pounds).  (pounds^. 


1,833  60.2  2f^0 

1,740  57.1  9.& 


It  will  be  noticed  that  the  largest  production  of  nitrogen  per  acre 
was  in  those  years  in  which  the  weight  per  bushel  and  the  yield  per 
acre  were  least. 

Of  course  this  is  not  always  the  case,  but  that  it  should  occur  at 
all  is  an  indication  that  the  conditions  that  make  for  high  nitrogen 

«  On  the  Composition  of  the  Ash  of  Wheat  Grain  and  Wheat  Straw,  London,  1884. 
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content  in  the  grain  also  conduce  to  a  large  accumulation  of  nitrogen 
by  the  crop,  or  perhaps  it  would  be  more  accurate  to  say  that  the 
conditions  which  favor  a  large  accumulation  of  nitrogen  by  the  crop 
often  result  in  giving  it  a  high  nitrogen  content. 

Reference  has  already  been  made  to  the  observations  of  Deh^rain 
and  Dupont**  on  the  wheat  crops  of  1888  and  1889  at  Grignon.  The 
figures  for  the  yields  of  grain,  the  percentages  of  starch  and  gluten, 
and  the  production  per  acre  of  these  constituents  for  the  two  years 
are  as  follows: 


Year. 


18S8. 
1889. 


Yield  of 

grain  per 

hectare 

(kilos) . 


3,445 
2,922 


Percentage  of- 


Gluten. 


Starch. 


12.6 
15.3 


77.2 
61.9 


,  Gluten  per  Starch  per 
hectare         hectare 


(kilos). 


434 
447 


(kilos). 


2,659 
1,808 


From  this  it  will  be  seen  that  for  the  year  in  which  the  yield  of 
grain  was  less  per  acre  the  production  of  gluten  per  acre  was  greater. 
Apparently  the  conditions  were  favorable  for  a  large  accumulation 
of  nitrogen  by  the  plant  in  1889,  but  were  unfavorable  to  the  pro- 
duction of  starch.  If  the  latter  had  not  been  the  case,  the  crop  of 
1889  would  have  been  larger  than  the  crop  of  1888. 

A  number  of  instances  of  this  kind  have  occurred  among  the  wheat 
crops  at  the  Nebraska  Experiment  Station.  In  fact,  it  may  be  said 
that,  in  general,  large  yields  of  grain  have  there  been  accompanied 
by  a  low  percentage  of  nitrogen  per  acre  as  compared  with  the  same 
properties  in  small  yields  of  grain.  The  following  table  will  show 
this: 

Production  of  nitrogen  per  acre  in  wheat  raised  at  the  Nebraska  Experiment  Station. 


Variety, 


Turkish  Red. 

Do 

Do 

Do 

Yaroslav 

Do 

Do 

Weisaenburg. 

Do 

Pester  Boden. 

Do 


Average . 


Year. 


1900 
1901 
1902 
1903 
1900 
1901 
1903 
1902 
1903 
1902 
1903 


Yield  of 

I'eixient- 

grain 

age  of    , 

per  acre 

proteid  1 

(pounds) . 

nitrogen. 

1,980 

3.02 

2,370 

2.00 

1,800 

2.S6 

1,864 

2.40 

1,320 

3.01 

1,794 

2.18 

a  9(52 

2.54 

1,605 

3.16 

1,891 

2.10 

1,475 

2.92 

1,830 

2.16 

1,717 

Proteid 
nitrogen 
per  acre 


52.73 
43.04 
51.48 
44.74 
34.58 
36.08 
24.43 
46.32 
39.71 
43.10 
39.53 

41.43 


Date  of 
ripen- 
ing. 


June  27 
June  24 
June  23 
July 
July 
July 
July 
June  24 
July  10 
June  24 
July 


9 

2 

1 

14 


10 


«  Yield  decreased  by  lodging  of  grain. 


A  word  in  regard  to  the  character  of  the  seasons  that  produced 
these  crops  may  help  to  an  understanding  of  their  differences. 


a  Ann.  Agron.,  28  (1902),  p.  522. 
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The  season  of  1900  was  rather  dry  and  hot  from  the  time  growth 
started  in  the  spring  until  harvest.  There  was  no  time  when  there 
was  an  abundant  supply  of  moisture,  but  occasional  rains  wet  the 
^oil  for  a  few  daj^s  at  a  time.  The  temperatures  during  the  day 
were  high  and  the  air  was  dry.  In  1901  the  spring  was  quit-e  moist 
and  cool  until  June,  when  it  became  extremely  hot  and  dry.  A  few 
days  before  harvest  the  temperatures  ranged  above  100®  F.  daily, 
with  no  rainfall.  The  season  of  1902  was  the  direct  opposite  of  that 
of  1901,  except  that  the  change  came  earlier.  It  was  extremely  dry 
and  hot  until  the  middle  of  May,  when  abundant  rains  came,  and 
the  temperatures  were  considerably  below  normal  imtil  harvest. 
The  season  of  1903  was  wet  and  cool  throughout. 

In  general,  it  may  be  said  that  in  those  seasons,  like  1900  and 
1902,  in  which  the  temperatures  were  high  and  moisture  scarce  dur- 
ing aU  or  the  early  part  of  the  growing  season,  the  grain  had  a  high 
percentage  of  nitrogen,  and  there  was  a  large  production  of  nitrogen 
per  acre.  In  years  of  low  temperatures  and  abundant  moisture, 
as  in  1903,  or  even  when  such  conditions  obtained  late  in  the  sea- 
son, as  in  1901,  there  were  a  low  percentage  of  nitrogen  in  the  grain 
and  a  small  production  of  nitrogen  per  acre. 

High  temperatures  and  scant  moisture  during  early  growth  would, 
therefore,  seem  to  favor  the  accumulation  of  nitrogen  by  the  wheat 
plant. 

It  may  also  be  noted  that  these  are  the  conditions  favorable  to 
the  process  of  nitrification  and  to  the  accumulation  of  nitrates  near 
the  surface  of  the  soil. 

Comparing  the  wheat  crops  grown  at  Rothamsted  for  a  period  of 
twenty  years,  the  yields  and  nitrogen  production  of  which  have  just 
been  stated,  with  the  averages  for  the  Nebraska-groA^ai  wheats  con- 
tained in  the  last  table,  it  will  be  seen  that  the  yields  of  grain  were 
larger  at  Rothamsted,  but  that  the  production  of  nitrogen  per  acre 
was  considerably  greater  in  Nebraska.^ 

Yield  (in  pounds  I 
Station.  P*""  ^^  ^'- 


Orain.    Nitro^ni. 


Rothamsted  station ^. 1,786  2&.9 

Nebraska  station 1,717  ,  41-4 


The  maximum  production  of  nitrogen  per  acre  at  Rothamsted 
during  the  twenty  years  was  38.1  pounds,  while  at  Nebraska  it  was 
52.7  pounds. 

There  can  be  little  doubt  as  to  whether  this  difference  was  due 
in  greater  measure  to  soil  fertility  or  to  climate.     Nowhere  is  better 

^  The  yield  of  nitrogen  at  Rothamsted  is  calculated  from  total  organic  nitrogen,  while 
at  the  Nebraska  Station  it  is  from  proteid  nitrogen. 
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tillage  given  or  are  crops  more  scientifically  provided  with  food 
^han  at  Rothamsted.  It  is  true  that  of  the  ten  plots  of  land  on 
ivhich  these  wheats  were  raised  one  received  no  manure  and  three 
«rere  not  sufficiently  manured.  In  order  to  make  the  comparison 
nore  favorable  to  the  English  environment,  the  five  plots  completely 
nanured  and  producing  the  largest  yields  may  be  taken.  The  yield 
>f  nitrogen  per  acre  was  36.4  pounds  for  the  yeare  1852-1861  and 
54.6  pounds  for  1862-1871.  Even  with  the  best  manuring  the  yields 
>f  nitrogen  fall  very  much  short  of  those  in  Nebraska. 

In  Nebraska  no  commercial  fertiUzers  had  ever  been  used  on  the 
land  on  which  the  w^heats  were  grown,  but  farm  manure  had  been 
ipplied.  The  soil  was  a  heavy  one,  well  adapted  to  wheat  grow^ing, 
»nd  had  been  well  tilled.  It  had  been  well  manured  for  corn  in  a 
rotation  of  corn,  oats,  and  wheat.  The  varieties,  with  the  exception 
[>f  Turkish  Red,  had  just  been  introduced  from  Europe  and  had  not 
Fully  adapted  themselves  to  the  new  environment.  The  average 
nitrogen  production  for  the  only  acclimated  variety,  Turkish  Red, 
was  48  pounds  per  acre.  It  would  seem,  therefore,  that  a  chmate 
afTording  high  temperatures,  dry  air,  and  a  moderately  dry  soil  is 
favorable  to  the  accumulation  of  a  large  amount  of  nitrogen  by  the 
wheat  plant,  provided  there  is  a  large  supply  of  nitrogen  in  the  soil. 
The  heat  and  scant  soil  moisture  are  doubtless  instrumental  in 
making  available  the  nitrogen  of  the  humus,  and  the  bright  sunshine 
and  dry,  hot  air  stimulate  growth  and  increase  transpiration. 

It  has  just  been  said  that  hot,  dry  weather  in  the  early  growing 
season  contributes  to  a  large  nitrogen  accumulation  by  the  wheat 
plant.  The  same  conditions  cut  short  the  growing  period  of  the 
plant  and  prevent  the  large  accumulation  of  starch  that  takes  place 
in  the  kernel  of  wheat  raised  in  a  cool  or  moist  region.  It  thus 
happens  that  such  w^heats  are  high  in  nitrogen  and  low^  in  starch. 

The  properties  of  the  wheat  kernel  characteristic  of  a  continental 
chmate  and  rich  soil  are  probably  due  to  rapid  nitrification  and 
highly  stimulated  growth  causing  a  large  accumulation  of  nitrogen 
by  the  crop,  and  to  incomplete  maturation,  caused  either  by  heat, 
or  frost,  or  lack  of  moisture,  resulting  in  high  nitrogen. 

It  would  be  interesting  to  know  what  relation  the  production  of 
nitrogen  per  acre  bears  to  the  production  of  mineral  matter,  but 
the  necessary  figures  are  not  at  hand. 

The  wheat  kernel  produced  in  a  continental  climate  is  not  usually 
plump  as  compared  with  the  kernel  produced  in  an  insular  or  coastal 
one.  The  yield  of  grain  per  acre  is  also  usually  less.  That  this  is 
due  to  incomplete  maturation  is  shown  by  the  fact  that  w^inter 
varieties  of  wheat  that  make  their  growth  early  in  the  season  always 
yield  better  than  spring  varieties.  The  latter,  on  the  other  hand, 
have  a  higher  percentage  of  nitrogen,  but  usually  not  so  large  a 
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nitrogen  production.  Their  disadvantage  lies  in  the  fact  that  their 
roots  are  not  sufficiently  developed  to  absorb  a  lai^e  quantity  of 
nitrogenous  matter  at  the  time  most  favorable  for  its  accumulation. 
As  a  maximum  nitrogen  accumulation  is  the  chief  desideratum. 
spring  wheats  are  not  desirable  where  winter  ones  can  be  grown. 

This  does  not  mean  that  a  variety  of  wheat  which  has  been  grown. 
for  instance,  in  England  will  show  all  the  qualities  of  an  inland 
wheat  when  first  grown  in  Kansas  or  Nebraska.  Such  a  wheat  will 
undergo  modifications  that  will  give  it  some  of  these  qualities,  such, 
for  instance,  as  less  well-filled  kernels,  and  less  weight  per  bushel. 
On  the  other  hand,  the  Turkish  Red  wheat,  when  raised  in  a  cool, 
moist  cUmate,  becomes  later  maturing,  and  the  kernel  becomes 
plumper,  more  starchy,  and  softer.  It  is  between  varieties  adapted 
each  to  its  peculiar  cHmate,  and  raised  there  for  years,  that  these 
distinctions  are  most  marked,  but  the  fact  that  a  modification  of 
any  variety  begins  at  once  when  transferred  from  one  climate  to 
another  shows  that  such  qualities  as  those  mentioned  are  influenced 
by  the  climate. 

It  must  be  quite  apparent,  although  it  has  not  often  been  remarked, 
that  the  ordinary  selection  of  seed  wheat  to  increase  the  yield  has 
resulted  in  producing  a  grain  of  lower  nitrogen  content. 

This  has  been  noticed  by  Girard  and  Lindet"  and  by  BifTen,*  and 
incidentally  by  Balland,*^  who,  in  commenting  on  the  decrease  in 
the  nitrogen  content  of  wheat  in  northern  France  and  the  increased 
yields,  attributes  the  former  to  a  deficiency  of  nitrogen  in  the  fer- 
tiUzers  used,  and  states  that  the  gluten  in  the  wheat  of  that  region 
in  1848  ranged  from  10.23  to  13.02  per  cent,  while  fifty^  years  later 
it  ranged  from  8.96  to  10.62  per  cent.  In  the  same  time  the  aver- 
age yield  increased  from  14  to  17.5  hectoUters  per  hectare.  In  the 
light  of  the  results  of  experiments  to  ascertain  the  eflfect  of  nitroge- 
nous fertilizers  upon  the  composition  of  wheat,  it  can  not  be  supposed 
that  this  decrease  in  nitrogen  content  can  be  due  primarily  to  lack 
of  nitrogen.  It  would  seem  more  likely  that  the  increased  yield 
was  largely  due  to  the  deposition  of  starch  in  the  grain,  and  that 
consequently  the  percentage  of  gluten  was  smaller. 

Has  the  improvement  in  the  yield  of  wheat  been  accompanied  by 
a  greater  yield  of  nitrogen  per  acre  ?  It  is  evident  that  the  increase 
in  the  grain  and  that  in  the  nitrogen  are  not  proportional,  but  it  is 


«  Le  Froment  et  sa  Monture,  Paris,  1903. 
&  Nature  (London),  69  (1903),  No.  1778,  pp.  92,  93. 

c  Abstract  in  Centrlb.  f.  Agr.  Chem.,  1897,  p.  785,  from  Compt.  Rend.,  124  (1897), 
p.  158. 
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lesirable  to  know  whether  there  has  been  any  increase  in  nitrogen 
>er  acre.  Returning  to  the  figures  given  by  Balland  it  will  be  seen 
hat  the  wheat  of  1848  produced  on  an  average  163  kilos  per  hec- 
are,  while  that  of  fifty  years  later  produced  171  kilos,  an  increase 
►f  about  5  per  cent  in  gluten  per  hectare,  with  an  increase  of  25  per 
jent  in  yield.  These  figures  can  not,  of  course,  be  taken  as  strictly 
Lccurate,  as  they  are  based  merely  on  what  M.  Balland  refers  to  as 
ihe  range  of  nitrogen  content. 

Some  data  on  this  subject  are  available  in. the  published  records 
>f  wheat  improvement  at  the  Minnesota  Experiment  Station.^ 
rields  and  gluten  content  of  improved  varieties  and  of  the  original 
variety  from  which  the  improved  strains  have  been  developed  by 
selection  are  given.  The  figures  cover  the  same  seasons  for  all 
varieties,  and  the 'averages  of  six  trials  are  reported  for  each,  as 
Follows: 


Variety. 


Minnesota  No.  149,  produced  from  Power's  Fife 

Power's  Fife,  unmodified  by  selection 

Minnesota  No.  lo9,  produced  from  Hayne's  Blue  Stem 
Dayne's  Blue  Stem,  unmodified  by  selection 


Yield  x)er 

acre 
(bushels). 


25.6 
23.6 
28.5 
24.6 


Percent 
age  of 


Gluten      Nitrogen 
per  acre      per  acre 


drv  fflu-     *^*  "^'*^      »^'  ^. 
tpn        (pounds),  (pounds) 


ten 


13.5 
14.0 
12.5 
13.4 


207.4 
198.2 
213.7 
198.8 


36.4 
34.8 
37.5 
34.7 


In  each  case  the  new  variety  yielded  more  grain  per  acre,  possessed 
a  lower  gluten  content,  and  produced  more  nitrogen  per  acre  in  the 
grain.  It  should  be  explained  that  determinations  of  gluten  and 
baking  tests  were  made  of  strains  of  wheat  produced  by  the  selection 
of  individual  plants,  and  that  the  quantity  and  quality  of  the  gluten 
in  these  strains  were  considered  in  deciding  which  strain  was  to  be 
perpetuated.  For  that  reason  the  gluten  content  of  the  improved 
wheat  is  doubtless  greater  than  it  would  have  been  if  no  attention 
had  been  paid  to  those  qualities.  Incidentally  it  may  be  stated 
that  the  quality  of  the  gluten  in  these  new  varieties  of  wheat  origi- 
nated by  Professor  Hays  is  much  better  than  that  in  the  original 
varieties.  The  difference  between  selection  for  gluten  carried  on  in 
this  way  and  selection  for  gluten  applied  to  the  individual  plant  is 
that  the  latter  must  increase  many  times  the  opportunity  for  devel- 
oping a  strain  of  desirable  gluten  content. 

Returning  to  the  nitrogen  production  per  acre,  it  is  apparent  that 
it  is  slightly  greater  in  the  improved  wheats,  or  at  least  is  not  less 
than  in  the  original  varieties.  This  is  encouraging,  as  it  indicates 
the  possibility  of  increasing  the  production  of  gluten  per  acre. 
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Gluten  is  the  valuable  constituent  of  wheat.  The  wheat  growing 
of  the  future  may  be  looked  upon  as  a  gluten-producing  industry. 
The  problem  is  to  secure  the  highest  possible  quantity  and  quality 
of  gluten  per  acre.  If  this  can  be  done  by  sacrificing  starch  produc- 
tion, it  will  be  economical.  Starch  can  be  more  cheaply  produced 
in  other  crops  and,  if  necessary,  added  to  the  flour  of  wheat. 

It  may  be  argued  that  this  is  not  to  the  interest  of  the  fanner. 
But  it  is  clearly  to  the  interest  of  mankind  and  any  step  toward 
its  accomplishment  must  in  the  end  redound  to  the  adyantage  of 
the  farmer. 


DP-A.I4T    II- 


EXPERIMENTAL. 
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If  a  number  of  wheat  kernels  of  the  same  variety  and  raised  under 
m.Uar  conditions  are  separated  into  approximately  equal  parts  with 
igf .rd  to  their  specific  gravity,  the  kernels  of  low  specific  gravity 
il7  be  found  to  contain  a  higher  percentage  of  both  total  and  proteid 
itrogen  than  the  kernels  having  a  high  specific  gravity. 

A  number  of  samples  of  wheat  grown  in  diflFerent  years  and  repre- 
mting  different  varieties  were  separated  into  approximately  equal 
arts  by  throwing  the  kernels  into  a  solution  of  calcium  chlorid  hav- 
ig  such  a  density  that  about  half  the  kernels  would  float  and  the 
ther  half  sink.  The  specific  gravity  of  the  solution  in  which  each 
Gtmple  was  separated  is  given  in  Table  1  and  the  signs  <  and  >  are 
sed  to  represent  "less  than''  and  '^greater  than/'  respectively. 
l^hus  '^  <1.29"  means  that  the  kernels  have  a  specific  gravity  of  less 
han  1.29,  while  ">1.29"  indicates  that  the  kernels  have  a  specific 
;ravity  greater  than  1.29. 

Table  1. — Analyses  of  kernels  of  high  and  of  low  specific  gravity. 


Serial  number. 


0. 
1. 
8. 
B. 
0. 
il. 
0. 
0. 


Specific 

1 

gravity. 

Total 

nitrogen. 

<1.290 

3.51 

>1.290 

3.27 

<1.286 

2.51 

:;l.2»5 

2.51 

<1.250 

2.80 

>1.250 

2.78 

<l.»i5 

2.95 

:•  1.205 

2.66 

<1.2W 

3.30 

>1.284 

3.06 

Percentage  of— 


Proteid 
nitrogen." 


Nonpro- 

teid 
nitrogen. 


Name  of  variety  and  year  of 
growth. 


Hickman,  grown  in  1895. 

Turkish  Red,  grown  in  1897. 

Spring  wheat,  Marvel,  grown 
^    in  1897. 
Spring  wheat.  Velvet  Chaff 

(grown  in  1897. 
Turkish  Red.  grown  in  1898. 
I 


a  Proteid  nitrogen  in  this  paper  =  nitrogen  by  Stutzer's  method.    Proteids  =  proteid  nitrogen  x  5.7. 

With  the  exception  of  serial  Nos.  30  and  31  the  kernels  of  low 
jpecific  gravity  have  in  each  case  a  higher  percentage  of  both  total 
md  proteid  nitrogen  than  have  the  kernels  of  high  specific  gravity, 
[t  will  also  be  noticed  that  the  percentage  of  nonproteid  nitrogen  is 
greater  in  the  kernels  of  low  specific  gravity. 

Samples  of  wheat  were  also  divided  into  light  and  heavy  portions 
by  means  of  a  machine  which  operates  by  directing  upward  a  current 
of  air,  the  velocity  of  which  can  be  regulated.  Into  this  current  the 
grain  is  directed.     The  result  is  that  the  heavy  kernels  and  the  large 
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kernels  fall,  and  the  light  kernels  and  small  kernels  are  driven  out. 
The  separation  thus  accompUshed  is  somewhat  diflFerent  from  thai 
effected  by  a  solution,  the  difference  being  that  the  latter  separates 
the  kernels  entirely  according  to  their  specific  gravities  w^hile  with 
the  air  blast  a  large  kernel  of  a  certain  specific  gravity  might  descend 
with  the  heavy  kernels,  when  if  it  were  smaller,  although  of  the  same 
specific  gravity,  it  would  be  blown  out. 

The  number  of  Ught  kernels  that  descend  on  accoimt  of  their  large 
size  is  relatively  small,  owing  to  the  fact  that  large  kernels  are,  as  a 
rule,  of  higher  specific  gravity  than  small  ones.  The  following  test 
was  made  to  determine  the  relation  between  the  size  of  wheat  ker- 
nels and  their  specific  gravity.  An  average  lot  of  wheat  was  nearly 
equally  divided  by  means  of  two  sieves  into  three  portions  represent- 
ing medium,  small,  and  large  kernels.  Each  of  these  portions  was 
then  thrown  upon  solutions  of  the  same  specific  gravity,  and  the  pro- 
portion by  weight  that  floated,  or  Ught  seed,  and  the  proportion  that 
sank,  or  heavy  seed,  were  determined. 

Table  2. — Proportion  of  light  and  of  heavy  seed. 


Kind  of  seed. 

1 
Heavy  seed  I^ht  seed 

Ra 

tio. 
Ligbi- 

(grams).      (grams). 

H«avy. 

Small 

8.72 

9.62 

11.96 

11.28 

10.78 

8.04 

1 
1 
1 

1.29 

Medium 

1.12 

Large 

.67 

The  weight  of  light  kernels  among  the  smaU  was  nearly  twice  that 
of  light  kernels  among  the  large  seeds. 

Analyses  of  samples  of  wheat  separated  by  this  machine  into  light 
and  heavy  kernels  gave  about  the  same  results  as  the  samples  sepa- 
rated by  solutions  of  certain  specific  gravities. 

Table  3. — Analyses  qflargef  heavy  Jcemels  and  ofsmaUj  light  kernels. 


Percentage  of— 


Serial  number. 


Relative 
weight. 


9 '  Light. 

10 1  Heavy 

57 Light. 

58 i  Heavy 

65 Light. 

66 Heavy 

80 '  Light. 

81 1  Hea  V  y 

383 ,  Light. 

384 1  Heavy 

385.. I  Light. 

386 ,  Heavy 

602 1  Light. 

603 1  Heavy 

613 Light. 

612 Heavy 

I  '' 

I 


Total 

Proteid 

nitrogen. 

nitrogen. 

2.99 

2.21 

2.76 

2.04 

2.77 

2.11 

2.70 

2.04 

2.91 

2.29 

2.65 

2.04 

2.45 

2.00 

2.19 

1.96 

3.12 

3.10 

3.02 

2.93 

3.13 

2.82 

2.95 

2.65 

3.30 

3.06 

2.46 

2.24 

2.35 

2.13 

2.11 

1.94 

Nonpro- 

teid 
nitn^en. 


Name  ol  variety  and  year  d 
growth- 


0.78  ISpring  wheat,  Marvel,  grown 
.72   f    in  1896. 

.66  !}^"^"»  grown  in  1898. 
iSl   f^P^S  wheat,  grown  in  1898. 
!^  i}Big  Frame,  grown  in  1899. 
jOd  l/'^rkiflh  Red,  grown  in  1900. 
]^  I  Big  Frame,  grown  in  1900. 
]^  Isig  Frame,  grown  in  1901. 
[^  [Turkish  Red,  grown  in  190L 


SOME    PROPERTIES    OF   THE    WHEAT    KERNEL.  51 

It  thus  becomes  ver^^  apparent  that  the  percentage  of  nitrogen  is 
relatively  greater  in  the  light  wheat  selected  in  the  manner  described. 

It  is  well  known  that  immature  wheat  is  of  Ughter  weight  than 
mature  wheat  and  that  it  contains  a  greater  percentage  of  nonproteid 
nitrogen.  In  a  field  of  wheat  there  are  always  certain  plants  that 
mature  early,  others  that  mature  late,  and  some  that  never  reach  a 
normal  state  of  maturity.  The  last  condition  is  very  Hkely  to  occur 
in  a  region  of  Umited  rainfall  and  intense  summer  heat.  The  con- 
ditions most  favorable  for  the  filling  out  of  the  grain  are  shown  to  be 
an  abundance  of  soil  moisture  and  a  fair  degree  of  warmth.  The 
more  nearly  the  conditions  are  the  reverse  of  this  the  more  shriveled 
the  kernel  and  the  lighter  the  weight.  In  the  same  variety  and  in 
the  same  field  there  are  kernels  that  are  small  and  shriveled  because 
of  immaturity,  disease,  or  lack  of  nutriment.  All  of  these  classes 
would  appear  among  the  *  Might'*  kernels  separated  in  this  way. 

In  order  to  approach  the  question  from  another  standpoint,  a  num- 
ber of  spikes  of  wheat  of  the  Turkish  Red  variety  were  selected  in  the 
field,  care  being  taken  that  all  were  fully  ripe,  and  that  they  were 
composed  of  healthy,  well-formed  kernels.  These  spikes  were  sam- 
pled by  removing  one  row  of  spikelets  from  each  spike  and  the  kernels 
so  removed  were  tested  for  moisture,  proteid  nitrogen,  specific 
gravity,  and  weight  of  kernel,  and  from  the  last  two  the  relative 
volume  was  calculated.  It  will  be  shown  later  that  a  sample  taken 
in  this  way  permits  of  an  accurate  estimation  of  the  average  com- 
position of  the  kernels  on  the  spike. 

The  number  of  grams  of  proteid  nitrogen  in  the  row  of  spikelets 
on  each  spike  was  calculated  from  the  data  mentioned,  and  the 
average  weight  of  the  kernels  on  the  row  of  spikelets  was  determined 
from  their  total  weight  and  number,  thus  permitting  of  the  estima- 
tion of  the  number  of  grams  of  proteid  nitrogen  in  the  average  kernel 
on  each  spike. 

In  Table  4  the  spikes  having  a  proteid  nitrogen  content  of  from  2  to 
2.5  per  cent  are  arranged  in  one  group,  and  on  the  same  line  with  each 
spike  are  placed  the  number  of  kernels  on  one  row  of  spikelets,  weight 
of  these  kernels,  weight  of  average  kernel,  relative  volume  of  average 
kernel,  specific  gravity  of  kernel,  grams  of  proteid  nitrogen  in  one 
row  of  spikelets,  and  grams  of  proteid  nitrogen  in  average  kernel. 
Spikes  having  a  proteid  nitrogen  content  of  from  2.5  to  3  per  cent  are 
similarly  arranged,  and  so  with  all  spikes  up  to  4  per  cent.  The  aver- 
age for  each  group  is  shown  in  the  table. 

There  are,  in  all,  257  spikes,  of  which  18  have  from  2  to  2.5  per  cent 
proteid  nitrogen,  82  from  2.5  to  3  per  cent,  107  from  3  to  3.5  per  cent, 
and  49  from  3.5  to  4  per  cent. 
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Table  4. — Analyses  of  spikes  of  wheat,  arranged  according  to  nitrogen  eonlerd  of  Icattds. 

Crop  of  1902. 


2  TO  2.5  PER  CENT  PROTEID  NITROGEN. 


Record 
number. 


183. 

188. 

193. 

205. 

291. 

304. 

318. 

347. 

357. 

358. 

380. 

396 

402. 

406. 

415. 

440. 

444. 

445. 


Number 
of  ker- 
nels on 
row  of 

spikelets. 


Average- . . ' 


17 
16 
14 
15 
18 
21 
22 
15 
15 
21 
14 
19 
17 
21 
13 
17 
16 
16 


17 


Weight  (in  grams) 
of— 


Kernels. 


0.4772 
.4425 
.3724 
.4S24 
.5221 
.5336 
.6708 
.4549 
.4063 
.6689 
.4336 
.4787 
.4504 
.5878 
.2771 
.4566 
.4110 
.4318 


.4759 


Average 
kernel 


0.0280 
.0276 
.0266 
.0321 
.0290 
.0254 
.0304 
.0303 
.0270 
.0318 
.0309 
.0251 
.0258 
.0279 
.0213 
.0268 
.0256 
.0269 


.0266 


Volume 
of  aver- 
age ker- 
nel. 


Specific 
gravity 
of  ker- 
nels. 


0.0241 
.0209 
.0189 
.0220 
.0216 
.0192 
.0235 
.0225 
.0183 
.0188 
.0200 


1.3323 
1.3850 
1.3424 
1.3853 
1.4031 
1.4074 
1.3544 
1.3735 
1.3680 
1.3718 
1.3915 


,0209 


1.374 


Percent- 
age of 
proteid 

nitrogen 
in  ker- 
nels. 


2.08 
2.37 
41 
41 
23 
24 


2.02 
2.44 
36 
33 
35 
28 
2.33 
2.44 
2.44 
2.36 
2.38 
2.37 


Proteid    nitrogfai 
(gram)  in— 


2.323 


Kernels. 

Average 
kernel. 

0.00083 

0. 000677 

.01019 

.0011654 

.00697 

.000642 

.01548 

.000774 

.01616 

.000647 

.01195 

.000569 

.01354 

.000614 

.01110 

.000739 

.00SS9 

.000637 

.01559 

.000742 

.01019 

.000726 

.01091 

.000572 

.01070 
.01434 
.00676 
.01078 
.00978 
.01023 


.01141 


.000601 
.0006S1 
.000300 
.000633 

.oooao9 

.00069^ 

.000643 


2.5  TO  3  PER  CENT  PROTEID  NITROGEN. 


181 
182 
185 
187 
189 
196 
197 
199 
207 
210 
211 
212 
217 
218 
219 
222 
227 
229 
230 
238 
239 
241 
242 
252 
277 
288 
289 
293 
294 
302 
306 
308 
315 
319 
320 
322 
329 
330 
332 
334 
335 
337 
MO 
341 
342 
343 
344 
345 
346 
348 


19 
17 
19 
15 
18 
17 
20 
17 
15 
14 
17 
15 
18 
18 
19 
19 
19 
17 
15 
17 
17 
18 
18 
19 
14 
17 
19 
17 
19 
22 
19 
15 
16 
17 
18 
16 
12 
17 
16 
18 
18 
15 
20 
15 
14 
13 
16 
18 
19 
18 


0.4482 

0.0235 
.0252 
.0265 
.0263 
.0270 
.0293 
.0284 
.0269 
.0305 

2.66 
2.76 
2.71 
2.99 
2.64 
2.71 
2.85 
2.99 
2.73 

0.01192 
.01187 
.01366 
.01180 
.01286 
.01354 
.01620 
.01372 
.01709 

0.0G062S 

.4299 

1 

.000606 

.5041 

1  --  -  - 

.000718 

.3945 

.000786 

.4871 

.000713 

.4995 

.000794 

.5683 

.000800 

.4589 

.OOOSDt 

.4584 

0.0230 

1.3248 

.000833 

.3955 

.0282 

.0288 

1.2363 

2.95 

.01167 

.000832 

.5211 

.0306 

.0228 

1.3416 

2.90 

.01511 

.000887  > 

.4298 

.0286 

.0211 

1.3537 

2.97 

.01277 

.000849 

.6299 

.0340 

.0259 

1.3461 

2.86 

.01802 

.000996 

.5130 

.0285 

.0214 

1.3303 

2.58 

.01324 

.000735 

.3862 

.0203 

.0157 

1.2950 

2.71 

.01047 

.000»0 

.4611 

.0242 

.0182 

1.333i 

2.93 

.01351 

.000709  . 

.5581 

.0293 

.0214 

1.3704 

2.71 

.01824 

.000794 

.4849 

.0285 

.0206 

1.3856 

2.96 

.01387 

.000844 

.4867 

.0324 

.0234 

1.3815 

2.54 

.01236 

.000823 

.5166 

.0303 

.0220 

1.3794 

2.70 

.01395 

.00U818 

.3910 

.0230 

.01640 

1.3941 

2.60 

.01017 

.OOOS08 

.4230 

.0235 

.0178 

1.3196 

2.76 

.01168 

.000o49 

.4562 

.0253 

.0184 

1.3753 

2.96 

.01350 

.000749 

.4898 

.02578 

.0186 

1.3875 

2.55 

.01249 

.000o55 

.3792 

.0270 

.0203 

1.3286 

2.86 

.01U65 

.000772 

.4956 

.0291 

.0217 

1.3428 

2.82 

.01398 

.000821 

.6042 

.0265 

.0187 

1.4155 

2.53 

.01276 

.000670 

.4858 

.0285 

.0206 

1.3835 

2.64 

.01283 

.000752 

.4173 

.0219 

.0150 

1.3813 

2.56 

.01068 

.000561 

.6569 

.0253 

.0190 

1.3312 

2.68 

.01437 

.000678 

.4922 

.0258 

.0185 

1.3996 

2.51 

.01235 

.000650 

.4951 

.0330 

.0237 

1.392 

2.85 

.01411 

.000941  1 

.4994 

.0312 

.0224 

1.3916 

2.75 

.01373 

.000858  1 

.4644 

.0273 

.0203 

1.3447 

2.86 

.01328 

.000781 

.5668 

.0314 

.0229 

1.3710 

2.98 

.01680 

.000938 

.5107 

.0219 

.0238 

1.352 

2.55 

.01302 

.000613 

.39a3 

.0325 

.0234 

1.3911 

2.88 

.01241 

.000936 

.3431 

.0201 

.0161 

1.2498 

2.62 

.00899 

.00aS27 

.4847 

.0302 

.0218 

1.3879 

2.58 

.01251 

.000779 

.5399 

.0299 

.0215 

1.3922 

2.62 

.01415 

.000783 

.6474 

.0359 

.0258 

1.3928 

2.82 

.01826 

.001012 

.4497 

.0299 

.0215 

1.3877 

2.89 

.01345 

.0008M 

.4155 

.0207 

.0153 

1.3550 

2.74 

.01138 

.000567 

.5058 

.0337 

.0243 

1.3890 

2.97 

.01502 

.001001 

.4486 

.0320 

.0228 

1.4037 

2.60 

.01166 

.000832 

.4112 

.0316 

.0224 

1.4107 

2.50 

.01028 

.000791 

.4004 

.0250 

.0184 

1.3611 

2.93 

.01173 

.000733 

.5422 

.0301 

.0216 

1.3919 

2.56 

.01388 

.000771 

.6393 

.0336 

.0242 

1.3913 

2.55 

.01630 

.000857 

.6328 

.0351 

.0262 

1.3415 

2.88 

.01822 

.001010 
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Tabi^  4. — Analyses  of  spikes  of  wheats  arranged  accordiiig  to  nitrogen  content  of  kernels. 

Crop  of  i9(^— Continued. 

2.5  TO  3  PER  CENT  PROTEID  NITROGEN— Continued. 


Record 
number. 


>     349 

I     a50 


aw. 

355. 
356. 
a59. 
360. 
361. 
364. 
371, 
373. 
376. 
378. 
383. 
385. 
387. 
389. 
392. 
393. 
394. 
395. 
419. 
421. 
424. 
428. 
430. 
434. 
436. 
438. 
439. 
441. 
443. 


Average. 


Number 
o(  ker- 
nels on 
row  of 

splkelets. 


17 
16 
21 
16 
19 
15 
24 
14 
18 
18 
18 
12 
14 
12 
16 
19 
21 
16 
15 
16 
17 
14 
15 
18 
17 
18 
16 
22 
23 
18 
19 
13 


17.07 


Weight  (in  grams) 

Percent- 

Proteid 

nitrogeu 

of 

_ 

Volume 
of  aver- 

Speriflc 
gravity 

age  of 
proteid 

(gram)  in— 

Kernels. 

Average 
kernel. 

age  ker- 
nel. 

of  ker- 
nels. 

nitrogen 
in  ker- 
nels. 

Kernels. 

Average 
kernel. 

0.4573 

0.0269 

0.0195 

1.3822 

2.66 

0.01216 

0.000716 

.4437 

.0277 

.0190 

1.3891 

2.64 

.01171 

.000731 

.6386 

.0304 

.0217 

1.4002 

2.73 

.01743 

.000830 

.5008 

.0313 

.0223 

1.4022 

2.84 

.01422 

.000889 

.5304 

.0279 

.0200 

1.390 

2.91 

.01543 

.000812 

.3882 

.0259 

.0186 

1.3915 

2.97 

.01153 

.000769 

.6375 

.0265 

.0191 

1.3840 

2.89 

.01842 

.000766 

.3297 

.0235 

.0170 

1.3819 

2.94 

.00969 

.000691 

.4724 

.0262 

.0191 

1.3729 

2.92 

.01379 

.000766 

.5695 

.0316 

.0227 

1.3906 

2.99 

.01703 

.000945 

.5861 

.0325 

.0235 

1.3838 

2.87 

.01682 

.000933 

.2677 

.0223 

.0162 

1.3747 

2.60 

.00696 

.OOO'SSO 

.4099 

.0292 

.0212 

1.3761 

2.75 

.01127 

.000803 

.3416 

.0284 

.0206 

1.3771 

2.96 

.01011 

.000841 

.4921 

.0307 

.0223 

1.3741 

2.52 

.01240 

.000774 

.5177 

.02?2 

.0198 

1.3758 

2.73 

.01413 

.000743 

.5830 

.0277 

.0204 

1.3569 

2.96 

.01726 

.000820 

.3547 

.0221 

.0171 

1.2947 

2.94 

.01043 

.000650 

.  «M  «r4 

.0232 

.0165 

1.4070 

2.70 

.00943 

.000626 

.3897 

.0243 

.0180 

1.3508 

2.77 

.01079 

.000673 

.4805 

.0282 

.0206 

1.3693 

2.98 

.01432 

.000840 

■  o44cj 

.0246 
.0206 
.0277 
.0272 
.0317 
.0289 
.0279 
.0304 
.0311 
.0280 
.0317 

2.86 
2.53 
2.62 
2.60 
2.82 
2.86 
2.88 
2.67 
2.98 
2.93 
2.51 

.00986 
.00784 
.01308 
.01205 
.01611 
.01322 
.01768 
.01868 
.01669 
.01561 
.01037 

.000704 
.000521 
.000726 
.000707 
.000894 
.000827 
.000834 
.000812 
.000927 
.000820 
.000796 

.3097 

1 

.4991 

.4635 

.5714 

1 

.4624 

' 

.6138 

.6997 

.5600 

.5327 

.4131 



.4791 

.0279 

.0207 

1.3680 

2.76  ^ 

.01332 

.000776 

3  TO  3.5  PER  CENT  PROTEID  NITROGEN. 


173 
175 
176 
190 
191 
192 
194 
195 
198 
200 
202 
203 
206 
208 
213 
214 
216 
220 
223 
228 
228 
231 
232 
233 
234 
236 
243 
244 
249 
250 
251 
255 
256 
258 


20 
21 
20 
18 
17 
17 
13 
19 
18 
18 
14 
16 
17 
19 
15 
16 
15 
17 
17 
21 
14 
18 
13 
17 
16 
25 
24 
19 
16 
15 
22 
18 
21 
17 


0.5913 
.5773 

■  Ooi/4 

.4673 
.4279 
.4126 
.3218 
.4924 
.4683 
.5764 
.3824 
.5251 
.3392 
.4939 
.4116 
.4371 
.3122 
.5040 
.4795 
.5380 
.4143 
.5888 
.3825 
.5331 
.5201 
.7451 
.6349 
.5839 
.4415 
.4514 
.6100 
.5948 
.5277 
.4703 


0.0295 
.0274 
.0290 
.0259 
.0251 
.0242 
.0247 
.0259 
.0260 
.a320 
.0273 
.0328 
.0199 
.0259 
.0274 
.0273 
.0208 
.0296 
.0282 
.0256 
.0295 
.0327 
.0294 
.a313 
.0325 
.0298 
.0264 
.0307 
.0275 
.0300 
.0281 
.0330 
.0251 
.0276 


1 

*  1 

' 

0.0200 

1.3615 

.0241 

1.3614 

.0157 

1.2709 

.0192 

1.3494 

.0204 

1.3415 

.0208 

1.3082 

.01(« 

1.2588 

.0222 

1.3350 

.0204 

1.3970 

.0170 

1.4951 

.0211 

1.3945 

.0242 

1.3514 

.0221 

1.3280 

.0231 

1.35.'i8 

.0243 

1.3363 

.0220 

1.3504 

.0196 

1.3487 

.0214 

1.4305 

.0199 

1.3850 

.0213 

1.4100 

.0203 

1.3823 

.0233 

1.4146 

.0184 

1.3629 

.0211 

1.3065 

3.08 

0.01821 

3.46 

.01997 

3.10 

.01799 

3.25 

.01519 

3.25 

.01091 

3.12 

.01287 

3.43 

.01104 

3.33 

.01640 

3.18 

.01489 

3.24 

.018<i8 

3.13 

.01197 

3.07 

.01612 

3.44 

.01166 

3.21 

.01585 

3.31 

.01362 

3.09 

.01351 

3.33 

.01040 

3.20 

.01613 

3.31 

.01587 

3.11 

.01673 

3.40 

.01409 

3.11 

.01831 

3.11 

.01190 

3.32 

.01663 

3.23 

.01680 

3.19 

.02377 

3.47 

.02203 

3.30 

.01927 

3.21 

.01417 

3.12 

.01408 

3.46 

.02142 

3.03 

.01802 

3.31 

.01747 

3.38 

.01590 

0.000909 
.000948 
.000899 
.000842 
.000816 
.000755 
.000847 
.000862 
.000827 
.OOKMO 
.000854 
.001007 
.000685 
.00(^1 
.000907 
.000844 
.000693 
.000947 
.000933 
.000796 
.001003 
.001017 
.000914 
.001039 

.ooiaw 

.000951 
.000916 
.001013 
.000883 
.000936 
.000972 
.001000 
.000832 
.000933 
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Table  4. — Analyses  of  spikes  of  wheats  arranged  according  to  nitrogen  andent  of  hertuU. 

Crop  of  1902 — Continued. 

3  TO  3^  PER  CENT  PROTEID  NITROGEN-Continued. 


Record 
number. 


262 

263 

264 

265 

266 

260 

270 

271 

272 

273 

275 

276 

278 

281 

282 

295 

300 

301 

3a5 

307 

310 

312 

314 

316 

317 

321 

323 

324 

325 

327 

333 

336 

339 

351 

352 

353 

362 

366 

367 

368 

369 

370 

372 

374 

375 

377 

379 

381 

382 

388 

390 

391 

399 

400 

401 

403 

404 

410 

411 

414 

416 

418 

423 

425 

426 

427 

429 

431 

432..:.. 

433 

437 

442 

Average 


Number 
of  ker- 
nels on 
rowol 

spikelets. 


Weight  ^In  grams) 
of— 


Kernels. 


18 
18 
18 
18 
19 
17 
20 
14 
15 
18 
18 
15 
15 
21 
18 
19 
19 
16 
13 
20 
18 
15 
15 
17 
17 
18 
17 
17 
17 
16 
16 
13 
16 
15 
15 
16 
19 
17 
20 
19 
19 
17 
17 
17 
18 
14 
18 
13 
19 
19 
19 
18 
12 
20 
16 
17 
18 
20 
14 
19 
15 
21 
18 
16 
18 
19 
20 
18 
21 
20 
16 
17 


0.4604 
.5040 
.4138 
.4429 
.5010 
.4531 
.5183 

'  .3275 
.3858 
.4550 
.4862 
.3973 
.4715 
.6938 
.4973 
.5205 
.49M 
.5492 
.3452 
.4122 
.4867 
.4324 
.4122 
.4157 
.4412 
.5184 
.4075 
.4230 
.5110 
.4039 
.4610 
.3637 
.3803 
.3843 
.4497 
.4726 
.5258 
.4214 
.5351 
.3877 
.5560 
.4200 
.4811 
.5249 
.5147 
.3173 
.5271 
.3506 
.5057 
.5799 
.4764 
.4474 

.saw 

.5720 

.  <99l7U 

.5000 
.4286 
.5368 
.3479 
.5044 
.42fi9 
.4995 
.4845 
.4801 
.5166 
.5433 
.4704 
.4119 
.6306 
.5206 
.4336 
.3889 


A  vera; 
kernel 


f 


0.0255 
.0280 
.0229 
.0246 
.0263 
.0266 
.0250 
.0233 
.0257 
.0253 
.0270 
.0264 
.0314 
.0330 
.0276 
.0273 
.0262 
.0343 
.0265 
.0206 
.0270 
.0288 
.0274 
.0244 
.0259 
.0304 
.0239 
.0248 
.0300 
.0252 
.0288 
.0279 
.0237 
.0256 
.0299 
.0295 
.0276 
.0247 
.0287 
.0204 
.0292 
.0247 
.0283 
.0308 
.0285 
.0226 
.0292 
.0269 
.0266 
.0305 
.0250 
.0248 
.0254 
.0286 
.0240 
.0294 
.0238 
.0268 
.0248 
.0265 
.0284 
.0237 
.0269 
.0300 
.0287 
.0285 
.0235 
.0228 
.0300 
.0260 
.0271 
.0228 


Volume 
of  aver- 


Spedfic 
gravity 


age  ker-     of  ker- 
nel, nels. 


17.4 


,4724 


.0270 


0.0193 
.0197 
.0169 
.0189 
.0187 
.0209 
.0191 
.0177 
.0190 
.0178 
.0197 
.0191 
.0226 
.0241 
.0200 
.0201 
.0188 
.0240 
.0197 
.0140 
.0198 
.0210 
.0201 
.0178 
.0193 
.0207 
.0177 
.0180 
.0220 
.0191 
.0206 
.0198 
.0171 
.0186 
.0217 
.0211 
.0201 
.0185 
.0197 
.0151 
.0214 
.0180 
.0206 
.0218 
.0203 
.0174 
.0213 
.0199 
.0194 
.0221 
.0181 
.0182 
.0188 
.0206 
.0183 
.0211 
.0180 


1.3216 
1.4206 
1.3544 
1.3005 
1.4090 
1.2748 
1.3541 
1.3143 
1.3564 
1.4228 
1.3711 
1.3815 
1.3903 
1.3693 
1.3705 
1.3608 

1.  <^4d 


1.3787 
1.3432 
1.4727 
1.3681 
1.3718 
1.3657 
1.3733 
1.3424 
1.4660 
1.3487 
1.3740 
1.3658 
1.3225 
1.3056 
1.4in2 
1.3828 
1.3812 
1.38^ 
1.3988 
1.3-01 
1.3350 
1.3555 
1.3497 
1.3621 
1.3735 
1.3714 
1.4142 
1.4018 
1.3013 
1.3703 
1.3544 
1.3728 
1.3773 
1.3806 
1.3628 
1.3510 
1.3837 
1.3575 
1.3927 
1.3221 


Percent-       Proteid    nitrogeo 
age  of  i           (gram)  in— 
proteid  

mtrogen  a^.^«» 

in  ker-      Kernels.       Av««fP 


nels. 


3. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 


3. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 


3. 
3. 
3. 
3. 
3. 


20 
.24 
.37 
30 
11 
.21 
.37 
.39 
3.14 
3.39 
3.33 
15 
12 
.26 
.02 
.06 
.07 
.09 
.07 
19 
16 
3.40 
3.16 
3.36 
3.43 
3.43 
3.43 
3.19 
3.46 
3.45 
26 
.36 
.33 
.32 

.as 

3.11 
3.03 
3.17 
3.37 
3.06 
3.34 
3.09 
3.31 
3.15 
3.41 
3.47 
3.00 
3.45 
3.23 
3.05 
3.22 
3.26 
3.10 
3.35 
3.37 
3.04 
3.30 
3.27 
3.15 
3.14 
3.24 
3.05 
3.14 
3.30 
3.09 
3.06 
3.04 
3.20 
3.00 
3.12 
3.13 
3.23 


.0199 


1.3666 


3.23 


0.01473 
.01633 
.01305 
.01462 
.01558 
.01454 
.01747 
.01110 
.01212 
.01546 
.01610 
.01251 
.01471 
.02262 
.01502 
.01563  i 
.01533  > 
.01607 
.OlOK) 
.01315 
.01538 
.01500 
.01303  ■ 
.01397 
.01513 
.01881 
.01398 
.01349 
.01768 
.01393 
.01503 
.01222 
.01266 
.01276  I 
.01372 
.01470  I 
.01593  ' 
.01336  , 
.01803  I 
.01186 
.01857 
.01298 
.01593 
.01653 
.01755 
.01101 
.01629 
.01210 
.01633 
.01769 
.01534 
.01459 

•  lAAfrlv 

.01916 

.01347 

.01520 

.01414 

.01755 

.01006 

.01584 

.01383 

.01523 

.01521 

.01584    i 

.01506     i 

.01662 

.01^30    < 

.01318 

.01892 

.01624 

.01357 

.01236    , 


kemdL 


0.0QP816 
.O00QO7  I 
.000772  i 
.000812  I 
.000818 
.QOOSSt 
.00tt?3 
.000700 
.OOONO? 
.000858 
.000809 
.000832 
.000960 
.0010(7«> 
.00004 
.OQOAS 
.000804 
.001060 
.000814 
.000f57 
.000853 
.001005 
.000866 
.000820 
.000888 
.001043 
.000820 
.000791 
.001038 
.O008t9 
.000939 
.000037 
.000789 
.000851 
.000914 
.000017 
.000638 
.000783 
.000900 
.000634 
.000975 
.0007IR3 
.000037 
.000970 
.000975 
.000784 
.000902 
.000028 
.000^9 
.000830 
.000805 
.000808 
.000787 
.000058 
.000839 

.oooe&« 

.009785 
.000780 
.000781 
.000632 
.000930 
.00072$ 
.000845 
.000990 
.000687 
.000872 
.000714 
.000732 
.000900 
.000811 
.000848 
.000736 


.01520 


.000874 
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4. — Aiudyses  of  spikes  of  wheat,  arranged  according  to  nitrogen  content  of  Jcemels. 

Crop  of  190^— Continued. 


3.5  TO  4  PER  CENT  PROTEID  NITROGEN. 


Record 
number. 


174. 

177. 
179. 
180. 
IM. 
18rt. 
201. 
209. 
215. 
224. 
225. 
235. 
240. 
245. 
246. 
247. 
248. 
253. 
250. 
2ftl. 
274. 
279. 
280. 
283. 
2M. 
285. 
28fi. 
287. 
290. 
29tt. 
299. 
309. 
313. 
328. 
363. 
3ft5. 
384. 
385. 
405. 
407. 
408. 
409. 
412. 
413. 
417. 
430. 
422. 
435. 
446. 


Average 


Number 
of  ker- 
nels on 
row  of 

spikelets. 


18 
19 
19 
17 
20 
21 
15 
17 
12 
17 
19 
18 
16 
15 
18 
18 
17 
.21 
19 
17 
15 
16 
16 
17 
14 
18 
17 
16 
16 
17 
17 
18 
17 
20 
17 
16 
14 
15 
18 
20 
19 
17 
16 
17 
19 
17 
23 
20 
17 


Weight  (in  grams) 


^  ol 

__ 

Kernels. 

1 

Average 
kernel. 

'  0.4025 

0.0223 

.4073 

.0214 

.4972 

.0261 

.5262 

.0309 

.5512 

.0275 

.5414 

.0257 

,      .4015 

.0267 

'   .3688 

.0211 

.3318 

.0276 

.4891 

.0287 

.4976 

.0261 

.4.555 

.0253 

.3984 

.0249 

1   .3971 

.0264 

.4562 

.0253 

.4937 

.0274 

.4617 

.0271 

.6960 

.0283 

.4932 

.0259 

.5195 

.0305 

.3347 

.0223 

>   .4304 

.0269 

.4305 

.0269 

.4974 

.0292 

.3723 

.0»\5 

.5769 

.0320 

.4140 

.0243 

.4740 

.0296 

.3955 

.0247 

.5037 

.0296 

.4553 

.0267 

.4753 

.0239 

.4798 

.0282 

.5795 

.0289 

.3795 

.0223 

.3469 

.0216 

.4012 

.0286 

.4162 

.0277 

.4940 

.0274 

.4707 

.0235 

.4462 

.0234 

.4329 

.0254 

.3390 

.0211 

.4393 

.0258 

.45W 

.02;« 

.41.56 

.0244 

.5395 

.0234 

.4310 

.0215 

.4425 

.0»50 

Volume 
of  aver- 
age ker- 
nel. 

Specific 
gravity 
of  ker- 
nels. 

0.0198 

1.3460 

.0164 

1.2828 

.0205 

1.3493 

.0220 

1.3039 

.0193 

1.3507 

.0192 

1.3164 

.0177 

1.4025 

.0200 

1.3230 

.0194 

1.3a58 

.0202 

1.3.561 

.0193 

1.4095 

.0203 

1.3917 

.0193 

1.3400 

.0229 

1.3333 

.0168 

1.3300 

.0200 

1.3441 

.0198 

1.3600 

.0210 

1.3911 

.0189 

1.4050 

.0233 

1.3715 

.0178 

1.3660 

.0223 

1.3270 

.0177 

1.3921 

.0214 

1.3832 

.0195 

1.3715 

.0239 

1.1051 

.0202 

1.3971 

.0215 

1.3466 

.01f5 

1.3499 

.0H.9 

1.2787 

.0212 

1.3499 

.0203 

1.3670 

.0203 

1.3508 

.0171 

1.3700 



..........  .......... 

17.3 


.4517 


,0257 


.01987   1.3494  i 


Percent- 

Proteid 

nitrogen 

age  of 

(gram)  In—    | 

proleid 
nitrogen 
in  ker- 
nels. 

—  —  _ 

Kernels. 

Average 
kernel. 

3.76 

0.01513 

0.00U838 

3.57 

.01454 

.000764 

3.85 

.01914 

.ooioa5 

3.58 

.01884 

.001110 

3.78 

.02084 

.001040 

3.97 

.02149 

.001020 

3.90 

.01.566 

.001043 

3.82 

.01371 

.000806 

3.79 

.01258 

.001016 

3.65 

.01785 

.001048 

3.55 

.01766 

.000927 

3.65 

.01663 

.000923 

3.53 

.01406 

.000879 

3.64 

.01445 

.000961 

3.75 

.01711 

.000949 

3.50 

.01728 

.000950 

3.65 

.01685 

.000991 

3.63 

.021()3 

.001327 

3.84 

.01894 

.000995 

3.50 

.01818 

.001068 

3.57 

.01195 

.000796 

3.79 

.01631 

.001020 

3.70 

.01503 

.000995 

3.86 

.01920 

.001127 

3.72 

.01385 

.000986 

3.87 

.02233 

.001238 

3.56 

.01474 

.000865 

3.87 

.01835 

.001146 

4.00 

.01582 

.000988 

3.94 

.01985 

.001166 

3.68 

.01676 

.000983 

3.75 

.01782 

.000990 

3.52 

.01689 

.000993 

3.61 

.02092 

.001043 

3.50 

.01328 

.000781 

3.50 

.01214 

.000756 

3.56 

.01428 

.001020 

3.79 

.01578 

.001050 

3.76 

.01857 

.001030 

3.79 

.01784 

.000891 

3.64 

.01624 

.  .000852 

3.59 

.01554 

.000912 

3.63 

.01231 

.000766 

3.77 

.016.56 

.000973 

3.80 

.01721 

.000904 

3.73- 

.01550 

.000910 

3.53 

.01904 

.00082<i 

3.53 

.01521 

.000759 

3.75 

.01650 

.000975 

3.70 

.01672 

.000982 

Table  5  shows  at  a  glance  the  averages  for  each  of  the  classes  of 
spikes  just  tabulated,  and  permits  of  a  comparison  of  the  average 
figures  for  each  class/' 

«  The  determinations  of  .specific  gravity  were  made  by  the  following  method,  devised  by 
Prof.  S.  Avery:  A  light  basket  of  wire  gauze  was  suspended  by  a  hair  from  the  hook  that 
supported  one  of  the  pan  hangers  of  the  balance.  The  basket  was  allowed  to  hang  in  a 
beaker  of  benzol  supported  by  a  shelf  above  the  pan.  By  using  a  counterpoise  the  balance 
was  now  brought  to  the  zero  point.  The  balance  was  kept  at  zero  by  the  occasional  adjust- 
ment of  a  rider  on  the  left  arm  of  the  beam.  The  wheat  was  weighed  on  the  pan  of  the 
balance,  then  transferred  to  the  basket  and  weighed  in  benzol,  and  the  temperature  of  the 
latter  carefully  noted.    Tlie  specific  gravity  was  calculated  from  the  well-known  formula: 

Wt.  in  air  X  sp.  gr.  in  l)enzol  at  T°__  g 
^      Wt.  in  air  —  wt.  in  benzol 
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Table  5. — Summary  of  analyses  of  spikes  of  v^uai,  arranged  according  to  nitrogen  emtotf 

of  kernels.    Crop  of  1902. 


Range  of 

Per- 
centage 

Number  of-    ,  Weight^Cfa  grams) 

1 

Volume 
of  aver- 
age ker- 
nel. 

Proteid  nitrngm 
(gram)  in— 

percentage  of,  "\*Jjr 
proteid      '  ^^^ 
nitrogen.       ^^'^ 

kernels. 

Analy- 
ses. 

Kernels 
on  row 
of  spike- 
lets. 

Kernels. 

Average 
kernel. 

Speriflc 
gravity. 

K«™«to    a;^ 

2  to  2.5 

2.5to3 

3  to  3.5 

3.5to4 

2.32 
2.76 
3.23 
3.70 

18 

82 

107 

49 

17 
17.1 
17.4 
17.3 

0.4759 
.4791 
.4724 
.4715 

0.0266 
.0279 
.0270 
.0257 

0.0209 
.0207 
.0199 
.0199 

1.374 
1.368 
1.367 
1.349 

a  01 141 

.01332 
.01520 
.01672 

o.omus 

.00077^ 
.O0l>C4 

From  this  table  it  will  be  seen  that  with  an  increase  in  the  percent- 
age of  proteid  nitrogen  the  number  of  kernels  on  a  row-  of  spikelets 
remains  about  constant;  that  in  general  there  w^ere  a  decrease  in  the 
weight  of  the  kernels  on  a  row  of  spikelets  and  a  sUght  decrease  in  the 
weight  of  the  average  kernel;  and  that  the  volume  of  the  average 
kernel  decreased,  as  did  the  specific  gravity. 

It  may  safely  be  stated  that  a  high  percentage  of  proteid  nitrogen 
w-as  in  these  spikes  associated  with  a  kernel  of  low  specific  gravity, 
light  weight,  and  small  relative  volume,*  and,  as  the  spikes  were 
selected  for  their  ripeness  and  healthy  appearance,  this  relation  can 
not  be  attributed  to  immaturity  or  disease. 

The  table  last  referred  to  shows  a  decrease  in  the  weight  of  the 
kernels  on  the  spike  as  the  percentage  of  proteid  nitrogen  increases; 
but  it  also  shows  that  in  spite  of  the  decrease  in  the  w^eight  of  the 
kernels  there  is  an  increase  in  the  actual  amount  of  proteid  nitrogen 
they  contain,  and  that  the  same  is  true  of  the  average  kernel. 

Table  6  gives  a  summary  of  the  same  analyses,  arranged  aceording 
to  the  specific  gravities  of  the  kernels.  All  spikes  whose  kernels  had 
a  specific  gravity  below^  1.30  are  grouped  in  one  class,  those  having  a 
specific  gravity  of  1.30  to  1.33  in  another  class,  and  so  on  until  finally 
all  spikes  having  a  specific  gravity  of  more  than  1.42  form  the  last 
class. 

Table  6. — Summary  of  analyses  of  spikes  of  wkealy  arranged  according  to  fyecifie  gravUies 

of  kernels.    Crop  of  1902. 


Range  of  specific 
gravity. 

Specific 
gravity 
of  ker- 
nels. 

Number  of— 

Weight 

of  kernels 

(gram). 

Percent- 
age of 
proteid 
nitrogen 
in  ker- 
nels. 

Weight 
of  aver- 
age 
kernel 
(gram). 

Proteid  nitrogen 
(gram)  in— 

Analy- 
ses. 

8 
17 
50 
71 
40 

8 

Kernels. 

Kernels. 

Averaee 
kemei. 

Below  1.30 

1.255 
1.315 
1.347 
1.375 
1.399 
1.463 

16.7        0.3887 

3.29 
3.35 
2.91 
3.06 
3.03 
3.07 

0.02331       0.01280 
.02617  ,      .01446 

O.OU07<663 

1.30  to  1.33 

16.5 
17.3 
17.2 
16.7 
19.1 

.4315 
.4008 
.4794 

.  10*10 

.5287 

.0008702 

1.33  to  1.36 

.02366         .01506           .O00K736 

1.36  to  1.39 

.02786         .01463           .0008S9 

1.39  to  1.42 

.02899         .01459           .0QOR729 

1.42  and  over 

.02773 

.01605 

.oiwcin 
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This  table  shows  no  constant  relation  between  the  specific  gravity 
and  the  number  of  kernels  on  the  spike.  With  an  increase  in  the 
specific  gravity  there  is  an  increase  in  the  weight  of  the  kernels  on  the 
spike,  and  with  some  exceptions  an  increase  in  the  weight  of  the 
average  kernel.  As  the  specific  gravity  increases,  the  percentage  of 
proteid  nitrogen  decreases,  which  agrees  with  the  previous  table. 
The  grams  of  proteid  nitrogen  in  the  kernels  on  the  spikes  and  in  the 
average  kernel  increase  with  the  specific  gravity. 

Table  7  shows  the  summary  of  the  same  analyses,  arranged  accord- 
ing to  the  weight  of  the  average  kernel.  Spikes  whose  kernels  have 
an  average  weight  of  less  than  0.024  gram  form  the  first  class,  and 
each  succeeding  class  increases  by  0.002  gram. 

Table  7. — Summary  of  analyses  of  spikes  of  wheat,  arranged  according  to  weight  of  average 

kernel.    Crop  of  1902. 


Range  of  weight  of 

average  kernel 

(gram). 


Below  0.024... 
0.021  to  0.026.. 
0.026  to  0.028.. 
0.028  to  0.030.. 
O.O30  to  0.032.. 
0.032  and  over 


Weight 
of  aver- 
age ker- 
nel 
(gram). 


Number  of- 


0.02214 
.02528 
.027(X5 
.02896 
.03089 
.03324 


Analy- 
ses. 


27 
38 
48 
40 
26 
19 


Kernels. 


16.9 
17.. 5 
17.0 
17.0 
17.0 
16.8 


Weight 

Specific 

of  ker- 

gravity 

nels 

of  ker- 

(gram). 

nels. 

0.3812 

1.341 

.4425 

1.361 

.4609 

1.360 

.4916 

1.372 

.5274 

1.388 

.5588 

1.373 

I  Percent- 
age of 
proteid 
nitrogen 
in  ker- 
nels. 


3.197 

3.28 

3.22 

3.11 

2.86 

2.88 


Proteid  nitrogen 
(gram)  In- 


Average 
kernel. 


0.00071S4 
.0008294 
.0008711 
.0009090 
.0008787 
.00095&1 


Kernels. 


0.01215 
.01438 
.0147i 
.01546 
.01506 
.01617 


There  seems  to  be  no  relation  between  the  weight  of  the  average 
kernel  and  the  number  of  kernels  on  the  spike.  The  weight  of  all 
the  kernels  on  the  spike  naturally  increases  with  the  weight  of  the 
average  kernel.  The  specific  gravity  of  the  kernels  increases  with 
the  weight  of  the  average  kernel.  The  percentage  of  proteid  nitrogen 
decreases  with  an  increase  in  the  weight  of  the  average  kernel,  in 
which  respect  it  agrees  with  the  two  previous  tables.  The  grains  of 
proteid  nitrogen  in  the  average  kernel  and  the  total  proteid  nitrogen 
in  the  spike  increase  with  the  weight  of  the  average  kernel. 

Samples  from  each  of  the  spikes  of  wheat  from  which  these  data 
were  derived  were  planted,  together  with  samples  from  other  spikes, 
all  of  which  have  been  analyzed,  aggregating  800  in  all.  Each  kernel 
was  planted  separately  at  a  distance  of  6  inches  each  way  from  every 
other  kernel.  The  kernels  from  each  spike  were  marked  by  a  stake 
bearing  the  record  number  of  the  spike. 

During  the  winter  a  considerable  number  of  plants  were  killed,  so 
that  the  stand  was  irregular  in  the  spring.  In  some  cases  all  of  the 
plants  resulting  from  a  spike  of  the  previous  year  were  killed,  and  in 
other  cases  only  a  portion  of  such  plants.  The  result  w^as  a  some- 
what uneven  stand,  which  doubtless  gave  certain  plants  an  advantage 
over  others  in  growth  and  yield. 
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When  the  crop  was  ripe  in  1903  each  plant  was  harvest^  sepft- 
rately,  and  all  of  those  resulting  from  spikes  which  the  previous  year 
had  shown  a  proteid  nitrogen  content  of  more  than  4  per  c«nt  or  less 
than  2  per  cent  were  analyzed  ^  as  were  also  a  certain  number  resulting 
from  spikes  of  intermediate  values. 

The  good  kernels  on  each  plant  were  counted  and  weighed,  thus 
giving  a  record  of  the  yield  of  each  plant.  From  these  data  the 
average  weight  of  the  kernels  per  plant  was  calculated.  The  speci& 
gravity  was  not  determined  and  consequently  the  average  volume  of 
the  kernels  on  each  plant  was  not  calculated,  as  was  done  the  previous 
year. 

In  Table  8  the  plants  harvested  in  1903  are  arranged  in  classes  of 
1  to  2  per  cent  proteid  nitrogen,  2  to  2.5  per  cent,  2.5  to  3  per  cent, 
3  to  3.5  per  cent,  3.5  to  4  per  cent,  4  to  4.5  per  cent,  and  over  4.5  per 
cent.  The  number  and  weight  of  the  kernels  on  each  plant  are  stated, 
as  is  also  the  average  weight  of  each  kernel.^  The  number  of  grams 
of  proteid  nitrogen  in  all  the  kernels  of  the  plant  is  shown,  and  also 
the  number  of  grams  of  proteid  nitrogen  in  the  average  kernel  on  each 
plant.     Table  9  shows  the  average  for  each  class. 

These  results,  so  far  as  they  cover  the  same  groimd  as  those  of  the 
previous  year,  have  the  same  significance.  They  show  a  quite  uniform 
although  slight  decrease  in  the  weight  of  the  average  kernel  accom- 
panying an  increase  in  the  percentage  of  proteid  nitrogen,  and  a  very 
marked  increase  in  the  number  of  grams  of  proteid  nitrogen  in  the 
average  kernel.  Especially  marked  is  the  increase  in  the  amount  of 
proteid  nitrogen  in  the  average  kernel,  amounting  to  28  per  cent  of 
the  weight  of  the  kernel  for  every  1  per  cent  increase  in  the  content 
of  proteid  nitrogen. 

One  column  of  this  table,  not  contained  in  that  compiled  from 
results  of  the  previous  year,  shows  the  number  of  grams  of  proteid 
nitrogen  contained  in  all  of  the  kernels  on  the  plant;  or,  in  other 
words,  the  proteid  nitrogen  production  of  the  plant.  This  appears, 
on  the  whole,  to  increase  with  the  percentage  of  proteid  nitrogen, 
although  the  results  are  not  sufficiently  consistent  to  permit  of  an 
unqualified  statement  to  that  effect.  The  uneven  stand  of  the  plants, 
before  referred  to,  doubtless  accounts  for  these  inconsistent  results. 

Two  other  columns  contain  data  not  obtained  in  1902.  The  first 
of  these  shows  the  number  of  kernels  per  plant,  which  apparently 
decreases  slightly  as  the  percentage  of  proteid  nitrogen  increases,  but 
this  can  not  be  stated  unqualifiedly.  The  next  column  shows  the 
weight  of  kernels  per  plant,  or  the  jdeld  per  plant,  which  likewise 
seems  to  decrease  sUghtly  with  an  increase  in  the  percentage  of  pro- 
teid nitrogen. 
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Table  8. — Analyses  of  jUarUs,  arrajiged  according  to  percentage  of  jjroteid  nitrogen.    Crop  of 

1903. 

1  TO  2  PER  CENT  PROTEID  NITROGEN. 


Record  num- 
ber. 


Percent- 
age of 
I>roteid 
nitrogen 
in  kernels, 


Weight  (In  grams)  of- 


32206 ' 

32G05 

3Am I 

33408 1 

33805 

42206 

45606 1 

45805 

48407 

5I0a5 

55307 

57308 

57406 

57607 

.58806 

60605 

63505 

69806 1 

72606 

74305 ' 

80305 

81705 ' 

81710 

»2407 

94205 1 

94605 

W908 

95510 

Average  ..i 


1.81 
1.20 


62 
30 
61 
46 
91 
84 
50 
1.34 
1.89 
1.69 
1.98 
1.73 
1.88 
1.87 
1.90 
1.66 
1.89 
1.98 
1.81 
1.98 
1.92 
1.66 
1.65 
1.95 
1.96 
1.81 


Number 

of  ker- 
nels per  <    Kernels 

plant.    !  per  plant. 


507 

225 

305 

77 

508 

25 

220 

124 

718 

862 

M2 

577 

41 

736 

95 

35 

208 

558 

543 

216 

729 

465 

396 

53 

64 

56 

125 

159 


10.4036 
5.2268 


7 

1 

11 


0889 

1132 

1476 

.3161 

4.0358 

1.5298 

11.2890 

15.5935 

5.6854 

9.8378 

.8328 

16.4433 

1.9409 

.5952 

4.0230 

12.0136 

9.3629 

4.4222 

15.7835 

9.7922 

9.1411 

.8983 

1.2117 

.7319 

2.3678 

2.8356 


Average 
kernel. 


0.02052 
.02323 
.02271 
.01446 
.02194 
.01254 
.01834 
.01234 
.01572 
.01804 
.01663 
.017a5 
.02031 
.02234 
.02049 
.01701 
.01934 
.02153 
.01724 
.02047 
.02165 
.02106 
.02308 
.01695 
.01893 
.01307 
.01894 
.01783 


ToUl  pro- 
teid  nitro- 
gen in  all 
kernels 
(gram). 


Proteid 
nitrogen  In 
average  ker- 
nel 
.    (gram). 


1.749 


320.3 


6.23823 


.01871 


0.18831 
.06272 
.11223 
.01547 
.17948 
.00462 
.07708 
.02815 
.16933 
.20881 
. 10747 
.16626 
.01549 
.24*17 
.03660 
.01113 
.07544 
.19943 
.18538 
.08756 
.28569 
.19388 
.17550 
.01491 
.01999 
.01427 
.04641 
.05132 

.10555 


0.0003714 
.0002788 
.00a3679 
.0002009 
.0003533 
.0001846 
.0003504 
.0002700 
.0002358 
.0002422 
.0003142 
.0002881 
.0004022 
.0003865 
.0003853 
.0003180 
.0003674 
.0003574 
.0003414 
.0004054 
.0003919 
.0004170 
.0004432 
.0002814 
.0003124 
.0002549 
.0003713 
.0003228 


.00032914 


2  TO  2  5  PER  CENT  PROTEID  NITROGEN. 


17405 

2.13 

738 

16.6996 

0.02127 

0.33441 

0.0004531 

17408 

2.18 

497 

9.2038 

.01852 

.20065 

.0004037 

18805 

2.02 

137 

2. 1462 

.01567 

.04335 

.0003164 

21212 

2.16 

84 

1.7216 

.02050 

.03718 

.0004427 

21705 

2.45 

58 

1.5420 

.02659 

.03778 

.0006514 

21707 

2.19 

582 

12.3685 

.02126 

.27086 

.0004654 

21708 

2.33 

390 

9.2850 

.02381 

.21634 

.0005547 

21709 

2.47 

361 

7.7296 

.02141 

.19092 

.0005289 

21912 

2.31 

510 

9.7236 

.01907 

.22461 

.0004404 

2720* 

2.41 

891 

16.4061 

.01841 

.39539 

.0004437 

27206 

2.36 

777 

19.1854 

.02469 

.45276  . 

.00a5827 

27308 

2.47 

684 

13.3011 

.01945 

.32a53 

.0004803 

27505 

2.12 

539 

12.0399 

.02183 

.24942 

.0004827 

33107 

2.35 

318 

6.1026 

.01919 

.14341 

.0004510 

33405 

2.03 

421 

8.1268 

.01930 

.16498 

.0003919 

awo5 

2.39 

301 

7.0596 

.02345 

.16872 

.0005605 

33606 

2.21 

382 

8.1890 

.02144 

.18098 

.0004738 

34208 

2.13 

156 

2.9886 

.01916 

.06366 

.0004081 

37706 

2.34 

56 

1.2069 

.02155 

.02824 

.0005053 

37906 

2.44 

19 

.2063 

.01086 

.00303 

.0002649 

39205 

2.11 

1,031 

21.5399 

.02089 

.46435 

.0004407 

39606 

2.37 

346 

4.6383 

.01341 

.10967 

.0003177 

44607 

2.44 

101 

1.8246 

.01806 

.04452 

.0004408 

48106 

2.38 

608 

11.6655 

.01919 

.27765 

.0004567 

Asuna 

2.02 

314 

6.4302 

.02048 

.12989 

.0004137 

55305 

2.48 

167 

2.5180 

.01507 

.06240 

.0003736 

55306 

2.18 

214 

4.1323 

.01931 

.09oas 

.0004210 

55608 

2.31 

837 

22.-5848 

.02699 

.52194 

.0006236 

55908 

2.42 

562 

12. 2210 

.02175 

. 29575 

.0005262 

55909 

2.30 

302 

9.2120 

.a3a50 

.21187 

.0007016 

56206 

2.42 

509 

9.3093 

.01829 

.22529 

.0004426 

56207 

2.34 

462 

10.9073 

.02361 

.2,5522 

.0005524 

57307 

2.43 

261 

4.7117 

.01801 

.11445 

.0004387 

57508 

2.21 

380 

12.0728 

.03177 

.26580 

.0007021 

589a5 

2.43 

170 

2.3031 

.01355 

.05.596 

.000.^292 

59605 

2.12 

382 

7.1828 

.01880 

.15228 

.0003986 

60606 

2.16 

567 

9.7084 

.01712 

.20970 

.0003698 

63107 

2.43 

417 

9.3120 

.02233 

.22628 

.0005426 

^ 
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IMPROVING    THE    QUALITY    OF   WHEAT. 


Table  8. — Analyses  of  plantSy  arranaed  according  to  percentage  of  proteid  jnirogen,    Cr^f 

of  i905— Continued. 

V      2  TO  2.5  PER  CENT  PROTEID  NITROOEN-Contlnued. 


Record  num- 
ber. 


I 


Percent-    j^Ty^,^- I  Weight  (in  grams)  of-  Total  p 
age  of       qi  j^gj.    , teid  nft 


age 

pro  teid 

nitrogen 

in  kernels. 


nets  per  {    Kernels 
plant,      per  plant. 


63506 

2.44 

153 

66306 

2.41 

544 

65307 

2.28 

373 

65308 

2.09 

583 

69505 

2.29 

225 

71905 

2.47 

1,260 

72705 

2.13 

372 

72708 

2.27 

398 

72905 

2.48 

167 

73306 

2.45 

414 

73307 

2.39 

25 

74606 

2.30 

464 

76205 

2.35 

498 

81707 

2.34 

786 

81708 

2.41 

287 

81709 

2.28 

757 

84405 

2.48 

428 

84905 

2.32 

37 

88608 

2.47 

74 

88609 

2.42 

470 

92409 

2.30 

315 

94209 

2.49 

190 

94406 

2.47 

549 

94407 

2.07 

419 

94905 

2.35 

286 

95509 

2.48 

138 

95707 

Average 

2.47 

52 

2.319 

396.8 

2.3986 
9.8298 
7.0051 

11.7066 
4.7116 

28.2136 
9.1522 
9.0386 
2.6462 
8.6373 
.5572 
9.6451 
8.4407 

18.3614 
7.3993 

16.4692 
8.7448 
.7130 
1.5355 
9.8719 
5.7131 
3.6006 

10.5556 

6.7664 

4.4423 

2.9475 

.7577 


Average 
kernel. 


.01568 
.01807 
.01878 
.02006 
.01847 
.02239 
.02191 
.02270 
.01585 
.02062 
.02229 
.02079 
.01695 
.02338 
.02578 
.02175 
.02043 
.01927 
.02075 
.02100 
.01814 
.01895 
.01923 
.01615 
.01553 
.02136 
.01457 


n>-       Proteid 
tFO-     nitrogen  in 
gen  in  all  .  average  ker- 
kemels  nel 


(gram). 


0.05853 
.23690 
.15971 
.24468 
.10790 
.09688 
.19936 
.20518 
.06563 
.20918 
.01332 
.22184 
.19836 
.42965 
.17833 
.37548 
.21687 
.01654 
.03793 
.23890 
.13140 
.08965 
.26073 
.14007 
.10439 
.07310 
.01872 


(gram). 


aoooaass 

.0004355 
.0004282 
.0004197 
.0004231 
.0005531 
.0001668 
.0005154 
.0003990 
.0005052 
.0005327 
.0004781 
.0003983 
.0005466 
.0006213 
.0004960 
.0005067 
.0004471 
.0005125 
.0006082 
.0004171 
.0004719 
.0004749 
.0003343 
.0003650 
.0005297 
.0003599 


8.2502 


.020113 


.190316 


.0004660 


2.5  TO  3  PER  CENT  PROTEID  NITROGEN. 


17409. 
17410. 
20706. 
20707. 
20708. 
20710. 
21207. 
213a5. 
21306. 
21710. 
21711. 
21805. 
21806. 
21807. 
21808. 
21809. 
21810. 
21905. 
22205. 
22207. 
25205. 
25206. 
26106. 
26805. 
26806. 
26807. 
26905. 
26906. 
26907. 
26908. 
26909. 
27005. 
27207. 
27305. 
27307. 
27506. 
27508. 
27o09. 
28805. 
32606. 


2.75 
2.88 
2.78 
2.77 
2.58 
2.83 
2.96 
2.67 
2.90 
2.59 
2.71 
2.69 
2.71 
2.73 
2.57 
2.73 
2.69 
2.64 
2.81 
2.77 
2.71 
2.76 
2.63 
2.81 
2.60 
2.80 
2.76 
2.71 
2.61 
2.96 
2.80 
2.63 
2.92 
2.58 
2.53 
2.70 
2.64 
2.90 
2.91 
^.88 


802 
744 
163 
444 
122 
867 
118 
312 
226 

59 
873 
1,232 
599 
377 
1,156 
418 

52 
791 
283 
169 
522 
205 

90 
220 
152 
721 
326 
228 
102 
192 
180 
866 
166 
267 
167 
444 
251 
243 

87 

94 


14.8957 

16.9987 
3.3138 
9.9070 
2.4690 

17.1115 

2.3066 

6.2514 

4. 1516 

.8478 

17.1820 

20.9290 

14.2450 
9.4172 

19.7446 
8.0214 
1.0304 

14.3111 
2.6965 
3.2787 

10.7836 
4.6754 
2.0737 
4.9456 
2.72.55 

17.2324 
6.4102 
4.2376 
1.8276 
3.9797 
2.9999 

16.4120 
3.3266 
5.5666 
3.0650 

10.0005 
5.5324 
5.3615 
2. 1851 
2.0162 


0.01857 
.02285 
.02033 
.02282 
.02024 
.01974 
.01955 
.02004 
.01837 
.01437 
.01968 
.01699 
.02378 
.02498 
.01708 
.01919 
.01982 
.01809 
.00953 
.01940 
.02066 
.02281 
.02304 
.02248 
.01793 
.02390 
.01966 
.01859 
.01792 
.02073 
.01667 
.01895 
.02004 
.02065 
.01847 
.02252 
.02287 
.02206 
.02512 
.02145 


0.40964 
.48957 
.09212 
.27443 
.06399 
.48428 
.06804 
.16691 
.12039 
.02196 
.46563 
.56299 
.38604 
.25709 
.50744 
.21888 
.02772 
.37781 
".07577 
.09082 
.28560 
.12904 
.05454 
.13897 
.07086 
.48250 
.17692 
.11484 
.04995 
.11780 
.08400 
.43164 
.09712 
.14362 
.07805 
.27003 
.14608 
.15549 
.06359 
.05807 


0.0005108 
.0006580 
.0005632 
.0006181 
.0005221 
.0005586 
.0OaS766 
.0005.350 
.0005327 
.0003722 
.0005334 
.0004569 
.0006444 
.0006664 
.0004389 
.0005238 
.0005330 
.0004777 
.0002677 
.0005374 
.0005599 
.0006295 
.0006060 
.0006317 
.0004662 
.0006692 
.0005427 
.0005037 
.0004677 
.0006135 
.0004667 
.0004984 
.0005850 
.0005379 
.0004674 
.0006062 
.0006037 
.0006399 
.0007309 
.0006177 


SOME   PROPERTIES   OF  THE    WHEAT   KERNEL. 


61 


8. — Analyses  of  plants^  arranged  according  to  percentage  of  proteid  nitrogen.    Crop 

of  1903— Continued. 

2.5  TO  3  PER  CENT  PROTEID  NITROGEN-Contlnued. 


Record  num- 
ber. 

Pensent- 

ageof 

proteid 

nitrogen 

in  kernels. 

Number 
of  ker- 
nels per 
plant. 

Weight  (in 

Kernels 
per  plant 

grams)  of— 

Total  pro- 
teid mtro- 
gen  in  all 
kernels 
(gram). 

Proteid 
nitrogen  in 
average  ker- 
nel 

(pram). 

Averaoe 
kernel. 

33105 

2.91 

132 

2.5601 

0.01930 

0.07450 

0.0005644 

33106 

2.94 

18 

.3089 

.01716 

.00908 

.0005045 

33406 

2.87 

283 

4.6045 

.01627 

.13215 

.0004670 

33906 

2.81 

119 

2.2862 

.01921 

.06424 

.0005399 

34205 

2.73 

464 

9.1498 

.01972 

.24979 

.0005383 

34207 

2.84 

611 

13.5556 

.02219 

.38505 

.0006273 

37305 

2.96 

309 

6.1394 

.01987 

. 18173 

.00a5881 

37705 

2.64 

461 

8.0905 

.01972 

.23998 

.0005327 

37707 

2.94 

193 

3.3004 

.01710 

.09670 

.0005010 

37905 

2.53 

37 

.9452 

.02555 

.02391 

.0006463 

38005 

2.84 

139 

2.5134 

.01808 

.07138 

.00a5135 

38506 

2.89 

85 

1.6799 

.01975 

.04855 

.0005712 

38606 

2.63 

401 

8.4605 

.02110 

.222.51 

.00a5549 

38608 

2.82 

158 

3.0228 

.01913 

.08522 

.0005394 

38609 

2.74 

293 

6.7665 

.02309 

.18540 

.0006475 

38706 

2.59 

365 

7.2545 

.01988 

.18789 

.0005148 

3M05 

2.88 

447 

9.3541 

.02093 

.21399 

.0006027 

39506 

2.93 

67 

1.9218 

.02869 

.05631 

.0008404 

40505 

2.82 

170 

4.1546 

.02444 

.11716 

.0006892 

43405 

2.92 

124 

2.8000 

.02258 

.08176 

.0006594 

44505 

2.94 

340 

5.9990 

.01764 

.17637 

.0005187 

44605 

2.86 

65 

1.1271 

.02049 

.03223 

.0005861 

44608 

2.90 

124 

2.5235 

.02035 

.07318 

.0005902 

45605 

2.82 

61 

.7081 

.01161 

.01997 

.0003273 

46106 

2.54 

82 

1.6103 

.01964 

.04090 

.0004988 

46107 

2.54 

478 

8.3935 

.01756 

.21319 

.0004460 

48305 

2.87 

473 

12.0278 

.02543 

.34524 

.0007299 

48408 

2.81 

27 

.3485 

.01291 

.00979 

.0003627 

48507 

2.64 

70 

1.6036 

.02296 

.04233 

.0006062 

48508 

2.76 

603 

11.2008 

.01858 

■  «RJWjO 

.0005127 

48806 

2.70 

547 

9.8346 

.01798 

.26553 

.0004877 

50706 

2.80 

35 

.4701 

.01343 

.01316 

.0003761 

55008 

2.60 

944 

17.4226 

.01846 

.4.5299 

.0004799 

55206 

2.56 

578 

11.3592 

.01965 

.29079 

.0005031 

55308 

2.54 

397 

9.5078 

.02395 

.241.50 

.000622.5 

55506 

2.80 

866 

17.8506 

.02062 

.49995 

.0005773 

55507 

2.63 

504 

9.8228 

.01949 

.25834 

.0005126 

55605 

2.64 

500 

10.9180 

.021S4 

.28823 

.0005765 

55606 

2.58 

503 

11.0930 

.02205 

.28.580 

.0005()90 

55607 

2.69 

138 

2.3931 

.01734 

.06437 

.0004665 

55005 

2.67 

331 

5.7948 

.01751 

. 15470 

.0004674 

55006 

2.81 

499 

7.9968 

.01603 

.22471 

.0004503 

55007 

2.59 

749 

19.396(5 

.02590 

.50238 

.0006707 

56105 

2.73 

336 

5.7431 

.01709 

.  1.5(179 

.0004667 

56106 

2.57 

644 

12.0161 

.01866 

.30881 

.0004795 

56107 

2.96 

872 

14.4556 

.01658 

.42790 

.0004907 

5620?. 

2.51 

333 

6.5232 

.019.59 

.  16.373 

.0004917 

56208 

2.61 

563 

13.5720 

.023.56 

.34616 

.0006149 

56209 

2.59 

950 

15.8086 

.0UM>4 

.40945 

.0004310 

57005 

2.71 

88 

1.5»Vl 

.01746 

.04164 

.0004731 

57006 

2.76 

701 

10. 1836 

.01453 

.28107 

.00(M010 

57007 

2.65 

168 

3.3176 

.01975 

.08792 

.0005233 

57105 

2.76 

407 

3.7263 

.00916 

.  1028.5  ' 

.0002.527 

57306 

2.86 

4^1 

7.9772 

.018.38 

.22815 

.000,5257 

57406 

2.75 

135 

2.4923 

.01816 

.06854 

.O0a5O77 

57407 

2.62 

762 

14.9992 

.019<)8 

.39297 

.0005157 

57408 

2.61 

506 

12.2004 

.02047 

.31.'M2 

.0005343 

57506 

2.80 

180 

2.7616 

.01534 

.07733 

.0004296 

57507 

2.85 

359 

6.9861 

.01946 

.19905 

.00a5545 

57509 

2.54 

611 

10.6261 

.01739 

.2<?990 

.0004417 

57606 

2.74 

132 

3.0790 

.023;« 

.08436 

.0006391 

57608 

2.64 

438 

8.6189 

.01968 

.22756 

.a)05195 

57805 

2.87 

270 

4.8988 

.01814 

.14060 

.00a5207 

58206 

2.67 

148 

1.3961 

.00943 

.03728 

.0002519 

585a5 

2.95 

273 

7.4516 

.02730 

.21982 

.0008a52 

58805 

2.74 

1,158 

23. 1471 

.01999 

.63422 

.QC054M 

63106 

2.79 

165 

3.3006 

.02001 

.092aS 

.0005581 

66005 

2.63 

370 

7.6690 

.02073 

.20170 

.0005451 

69506 

2.50 

663 

13.5696 

.02(M7 

.33923 

.0005117 

69705 

2.50 

244 

3.7810 

.Ol.'i.'iO 

.09453 

.0003874 

72406 

2.95 

430 

8.2929 

.01929 

.24464 

.00a5680 

73308 

2.92 

624 

14.2986 

.02291 

.417.52 

.000(1539 

74506 

2.73 

23 

.4096 

.01781 

.01118 

.0004862 

74508 

2.60 

57 

.8172 

.01434 

.02125 

.0003728 

74605 

2.60 

399 

7. 1181 

.01784 

.1&507 

.0004638 
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Table  8. — ATudyses  of  pUtrUs,  arranged  according  to  percentage  ofproleii  nitroocn.   Croptf 

1903— Contmued. 

2.5  TO  3  PER  CENT  PROTEID  NITROGEN— Continued. 


Percent- 

Number 
of  ker- 
nels per 
plant. 

Weight  (in  grams)  of— 

Total  pro- 
teid nitro- 
gen in  all 
kernels 
(gram). 

0.21352 

Proteid 

Record  num- 
ber. 

age  of 

proteid 

nitrogen 

In  kernels. 

Kernels 
per  plant. 

Average 
kernel 

nitrogen  in 
average  ker- 
nel 
(gram). 

0.0004349 

74607 

2.56 

491 

8.3406 

0.01699 

81405 

2.62 

240 

4.5737 

.01862 

.11710 

.0004879 

81505 

2.94 

146 

2.8327 

.01940 

.06328 

.0005704 

81706 

2.71 

722 

15.3928 

.02132 

.41715 

.0005778 

85305 

2.60 

214 

3.4766 

.01625 

.09099 

.0004224 

86206 

2.66 

376 

4.9315 

.01312 

.13118 

.0003332 

86105 

2.66 

203 

3.0282 

.01495 

.07964 

.0903923 

86106 

2.63 

436 

7.6241 

.01749 

.20052 

.0004569 

88605 

2.80 

69 

1.6362 

.02731 

.04581 

.0007640 

88606 

2.53 

481 

9.9456 

.02068 

.25162 

.0005231 

88607 

2.61 

234 

5.1584 

.02205 

.13463 

.0005754 

88905 

2.83 

293 

6.3069 

.01811 

.15019 

.0005126 

88906 

2.65 

546 

9.9034 

.01814 

.26245 

.0004807 

91906 

2.81 

200 

3.5488 

.01774 

.09972 

.0004986 

92205 

2.74 

345 

5.2616 

.01525 

.14417 

.0004179 

92206 

2.67 

46 

1.1074 

.02407 

.02957 

.0006428 

92207 

2.55 

209 

3.6926 

.01767 

.09416 

.0004506 

92208 

2.72 

363 

6.6206 

.01876 

.18006 

.000)102 

92305 

2.93 

160 

2.3859 

.01491 

.06091 

.0004369 

92408 

2.97 

207 

3.7820 

.01827 

.11233 

.0005426 

92507 

2.58 

605 

9.6779 

.01916 

.24969 

.0004944 

94206 

2.78 

402 

7.5006 

.01866 

.20851 

.0005187 

94207 

2.86 

718 

13.7a57 

.01909 

.39199 

.0005460      1 

94907 

2.94 

626 

12. 1918 

.01948 

.35844 

.0005726 

95605 

2.81 

37 

.3146 

.00850 

.00884 

.0002389 

95506 

2.74 

S97 

11.0548 

.01852 

.30291 

.0005074 

95507 

2.59 

571 

12.1592 

.02030 

.31492 

.0005515 

96608 

2.56 

740 

14.4617 

.01954 

.37023 

.0005008 

95705 

2.54 

636 

10.3426 

.01626 

.26270 

.0004131 

95706 

Average 

2.73 

267 

5.1629 

.019^ 

.14095 

.0005279 

2.731 

370.36 

7.1755 

.019354  . 

.194423 
lOOEN. 

.00052706 

3  TO  2 

L5  PER  C 

:ent  PRO' 

rEID  NITI 

17305 

3.03 

183 

3.6302 

0.01984 

0.10999 

o.oooeoio 

17306 

3.09 

243 

3.9968 

.01645 

.12350 

.O0OaOR2 

17307 

3.46 

138 

3.1454 

.02280 

.10683 

.0007886 

17308 

3.25 

61 

1.2275 

.02012 

.03994 

.0006540 

17406 

3.29 

124 

2.0907 

.0168) 

.06878 

.0005547 

18906 

3.48 

65 

.9229 

.01420 

.03212 

.0004941 

20705 

3.09 

109 

1.8517 

.01608 

.05722 

.0005249 

20709 

3.05 

258 

5.3229 

.02063 

.16235 

.0006292 

208a') 

3.32 

697 

14.6942 

.02157 

.48784 

.0006990 

21205 

3.16 

123 

2.3642 

.01922 

.07471 

.0006074 

21208 

3.-24 

287 

6.1594 

.01798 

. 16712 

.0005824 

21211 

3.15 

10 

.2806 

.02806 

.00684 

.0008S3Q 

21307 

3.04 

143 

2.5691 

.01796 

.0^10 

.0005461 

21308 

3.45 

354 

5.8080 

.01641 

.20038 

.0005660 

21906 

3.18 

408 

10.4800 

.02563 

.33403 

.0008168 

21907 

3.35 

158 

2.9248 

.01851 

.09-T» 

.0006201 

21913 

3.01 

492 

10.1925 

.02072 

.30680 

.0006235 

22206 

3.22 

146 

2.5712 

.01720 

.08066 

.0005538 

22208 

3.18 

118 

1.9090 

.01619 

.06071 

.0005144 

22210 

3.17 

298 

6.0173 

.02019 

.19075 

.0006401 

22211 

3.17 

561 

11.56''5 

.02062 

.36671 

.0001^537 

26105 

3.02 

131 

1.8242 

.01393 

.05506 

.0003662 

26808 

3.09 

222 

3.8811 

.01748 

.11992 

.0005402 

27507 

3.08 

75 

1.3746 

.01833 

.04234 

.0005646 

28206 

3.07 

219 

4.3698 

.01996 

.13415 

.0006126 

28806 

3.02 

685 

14.4630 

.02111 

.43679 

.0006376 

32207 

3.48 

69 

1.25-'3 

.01822 

.04375 

.0006341 

33305 

3.41 

150 

3.13^ 

.02090 

.10689 

.0007126 

33607 

3.22 

136 

2.8903 

.02125 

.09307 

.0006843 

34606 

3.12 

280 

6.1962 

.02213 

.19332 

.0006904 

39507 

3.02 

111 

1.8862 

.01699 

•  05696 

.0005132 

40305 

3.11 

179 

3.6003 

.02011 

.11197 

.0006255 

40405 

3.17 

46 

.6316 

.01373 

.02002 

.0004352 

42401 

3.07 

66 

1.4892 

.02251 

.04572 

.0006927 

429a5 

3.17 

67 

1.2499 

.01866 

.03650 

.0005447 

46105 

3.00 

260 

4.6146 

.01775 

.13843 

.0005324 

48306 

3.29 

157 

2.6571 

.01692 

.06742 

.0005568 
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Table  8. — Analyses  of  plantSf  arranged  according  to  percentage  of  proteid  nitrogen.    Crop  of 

1903— Continued. 

3  TO  3.5  PER  CENT  PROTEID  NITROGEN— Continued. 


Record  num- 
ber. 


Percent- 
age of 
proteid 
nitrogen 
in  kernels. 


Number 
of  ker- 
nels per 
plant. 


48405.... 
48506.... 
48705.... 
48706.... 
49505.... 
50905.... 
55005.... 
55006.... 
55205.... 
55508.... 
57305.... 
57905.... 
58207.... 
58705. . . . 
62805.... 
63105.... 
72405. . . . 
72707.... 
72806.... 
74507.... 
81406.... 
81906.... 
91305.... 
91905.... 
92105.... 
92406.... 
92505.... 
94206.... 
94906.... 

ATerage 


Weight  (In  grams)  of—,  Total  pro-       Proteid 

— : teid  nitro-  I  nitrogen  in 

gen  in  all     average  ker- 
kemels    l         nel 
(gram).    I      (gram). 


Kernels 
per  plant. 


Average 
kernel. 


0.9701 
9.4585 
4.3615 
6.1986 
1.2716 
2.3982 
7.9684 
7. 1852 
.6893 
3.7407 
8.5777 
2.4731 
4.2207 
2.5436 
1.3451 
1.5452 
8.4415 
4.5806 
2.0970 
9.2130 
1.2391 
7.5438 
3.0940 
3.4436 
3.4356 
8.2366 
2.6615 
3.7828 
13.3862 


0.01276 
.01701 
.01652 
.01635 
.01896 
.01085 
.02028 
.01593 
.01723 
.01732 
.01666 
.01118 
.01375 
.01082 
.01212 
.01717 
.03963 
.02036 
.01906 
.01869 
.01721 
.01975 
.02242 
.01739 
.01605 
.02168 
.01706 
.01175 
.01808 


4.38558 


.018366 


).  03211 
.30267 
.13652 
.18596 
.04120 
.07914 
.24304 
.22705 
.02137 
.11636 
.29188 
.07859 
.13042 
.07656 
.04272 
.05007 
.28363 
.15986 
.06312 
.27823 
.04101 
.25873 

. 11570 
.10650 
.25616 
.07985 
.11727 
.42236 


0.0004225 
.0005444 
.0005171 
.0004906 
.0006149 
.0003581 
.0006185 
.0005031 
.0005342 
.0005386 
.0005326 
.0003556 
.000^248 
.0003256 
.0003938 
.0005563 
.0013316 
.0007105 
.0005738 
.00a5644 
.0005607 
.0006773 
.0007197 
.0005844 
.0004977 
.0006741 
.0005118 
.0003642 
.0006166 


.139656 


.00058156 


3.5  TO  4  PER  CENT  PROTEID  NITROGEN. 


17506 

3.52 

93 

2.2881 

0.02460 

0.08044 

0.0008660 

17507 

3.80 

43 

.7220 

.01795 

.02933 

.0006822 

18905 

3.81 

103 

1.4864 

.01443 

.omm 

.0005498 

21209 

3.61 

89 

1.4484 

.01627 

.05228 

.0005875 

21811 

3.75 

567 

11.9114 

.02101 

.44666 

.0007877 

21908 

3.82 

173 

3.5574 

.02056 

.13589 

.0007855 

22209 

3.84 

31 

.4336 

.01399 

.01665 

.0005371 

26107 

3.92 

144 

2.0390 

.01416 

.07993 

.0005551 

32608 

3.78 

55 

1.0183 

.01851 

.03849 

.0006998 

34206 

3.73 

81 

1.5940 

.01968 

.05046 

.0007340 

36905 

3.88 

267 

5.0200 

.01880 

.19478 

.0007295 

38505 

3.61 

563 

12.1088 

.02252 

.43713 

.0007764 

42205 

3.63 

94 

1.8494 

.01967 

.06713 

.0007142 

45005 

3.58 

235 

3.2340 

.01376 

.11575 

.0004927 

48505 

3.66 

137 

1.91.54 

.01398 

.07010 

.0005117 

49905 

3.62 

23 

.6760  . 

.02939 

.02436 

.0010640 

50705 

3.54 

30 

.59.58 

.01986 

.02109 

.0007032 

50906 

3.57 

114 

1.7280 

.01516 

.06169 

.0005411 

66006 

3.54 

366 

6.0090 

.01IVt2 

.21272, 

.0005812 

66008 

3.59 

174 

3. 1555 

.01814 

.11328* 

.0006510 

72706 

3.86 

591 

14.6802 

.024Si 

.56666 

.0009588 

04909 

Averagis .... 

3.60 

218 

3.6977 

.01696 

.  13:^12 

.0006106 

3.69 

190.5 

3.68947 

.018666 

.13698 

.00068723 

04 
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Table  8. — , 


Analyses  of  plants,  arranged  according  to  percentage  of  proteid  nitrogen. 

of  1903— Continued. 

4  TO  i.5  PER  CENT  PROTEID  NITROGEN. 


Crop 


Record  num- 
ber. 


^-«n^    Number 

nitrogen      nioJiV 
in  kernels.     P**'** 


Weight  (in  grams)  of—  Total  pro- 

teid  nitro- 
gen in  all 
keriKls 
(gram). 


21812.... 
21813.... 
21909.... 
27308.... 
34405.... 
43505.... 
45705.... 
55007. . . . 
60305.... 
76206.... 
92506.... 

Average 


4. 

4. 
4. 
4. 

4. 


.26 
.04 
.43 
15 
33 
4.13 
4.18 
4.21 
4.42 
4.45 
4.39 


963 
216 
525 
254 
207 
93 
44 
118 
103 
447 
229 


4.27 


292.6 


Kernels 

Averase 
kernel 

per  plant. 

14.8139 

0.01507 

4.0258 

.01877 

12. 1819 

.02317 

4.5123 

.01777 

4.1281 

.01994 

1.4464 

.01555 

.7532 

.01712 

2. 1571 

.01828 

2.0430 

.01984 

5.4411 

.01217 

3.8709 

.01690 

5.03397 

.017689 

Proteid 
nitrogen  in 
average  ker- 
nel 

(gram). 


0.63107 

0.0006420 

.16377 

.0007582 

.53889 

.0010365 

.18726 

.0007373 

.17875 

.0008635 

.05974 

.0006423 

.03148  , 

.0007155 

.09082  1 

.0007606 

.09030 

.0008767 

.24213 

.0005417 

.10993 

.0007421 

.21674 


MORE  THAN  4.5  PER  CENT  PROTEID  NITROGEN 


17505 

21206 

21210 

21706 

21911 

38605 

38607 

40205 

4H406 

65305 

69805 

72605 

72607 

92306 

Aven^. 


4.70 
5.23 
5.03 
4.71 
5.48 
6.85 
4.55 
4.69 
4.87 
4.92 
5.82 
4.65 
5.59 
4.93 


29 
149 
237 
807 
383 

61 

19 
194 
249 

78 
110 

65 
188 
347 


S    I 


0.3885 
2.8564 
3.9143 
19.3318 
8.4593 
1.2124 
.3037 
3.6302 
3.2964 
1.8018 
2.4420 
1.1166 
3.4442 
6.0091 


O.Ol^iO 
.01917 
.01578 
.02390 
.02209 
.01988 
.01598 
.01871 
.01324 
.02310 
.02220 
.01718  i 
.01832 
.01732    I 


5.07 


206.28 


4.15727  I    .01850 


0.01826 
.14939 
.19689 
.91052 
.46356 
.07093 
.01382 
.17026 
.16053 
.06865 
. 14213 
.05192 
.19253 
.29625 

.208074 


.0009487 


.0007;»94  ! 


0.0003296 
.0010006 
.0007934 
.0011283 
.0012103 
.0011627 
.0007273 
.0008776 
.0006447 
.0011365 
.0012921 
.00079SS 
.0010241 
.0006539 


Table  9. — Summary  of  analyses  of  plants,  arranged  according  to  percerUage  of  proUid 

nitrogen.    Crop  of  1903. 


Range  of  per- 
centage of  proteid 
nitrogen. 


Percent- 
age of 
proteid 
nitrogen 
in  ker- 
nels. 


Number  of— 


Weight  (in  grams) 
of— 


Analy- 
ses. 


Ker- 
nels. 


Kernels. 


Average 
kernel. 


Proteid  nitrogen 
(in  grams)  in- 


All  ker- 
nels. 


lto2 1  1.749 

2  to  2.5 1  2.32 

2.5  to  3 2.73 

3  to  3.5 ,  3.18 

3.5to4 ;  3.69 

4  to  4.5 4.27 

4.5  and  over ^  5. 07 


28 
65 
145 
66 
22 
11 
14 


320.3 

396 

370 

235 

190 

292 

208 


6.2382  ; 

8.2502 

7.1755 

4.3856 

3.6895 

5.0340 

4.1573  I 


0.01871 
.02011 
.01935 
.01837 
.01867 
.01769 
.01859 


0.10655 
.19032 
.10442 
.13966 
.13608 
.21674 
.20607 


Average 
kernel. 


0.0003291 

.0005271 
.0005816 
.0006872 
.0007.550 
.OO0M87 


Table  10  shows  the  analyses  of  the  crop  of  1903  arranged  on  the 
basis  of  weight  of  average  kernel.  Determinations  of  giiadin  and 
glutenin  were  made  in  these  analyses  and  the  sums  of  these  are 
inserted  in  this  table."     All  plants  having  an  average  kernel  weight 

<7  Determinations  of  giiadin  and  glutenin  were  made  by  methods  practically  the  same  as 
those  described  by  Prof.  Harry  Snyder  in  Bulletin  No.  63  of  the  Minnesota  Experiment 
Station,  except  that  smaller  quantities  were  used. 
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of  less  than  0.010  gram  form  the  first  class  and  each  succeedmg  class 
XTicreases  by  0.002  gram.     Table  11  is  a  summary  of  these  analyses. 

"T'-A.BLE  10. — Analyses  ofplanis,  arranged  according  to  weight  of  average  kernel.    Crop  of  1903. 

WEIGHT  OF  AVERAGE  KERNEL,  0.000  TO  0.010  GRAM. 


Record 
niimber. 


Per-    i 

Weight     Num-  l  lypurht    cenUge: 
of  aver-     l)er  of  JVn™i«  o'  P^o-  i 

oti 


age 

kernel 

(gram) 


I  ^^™^«  on  plant 


plant. 


(grams). 


•22205 0.009.53  ,  283 

.07ia5 00916  !  407 

5H20rt 00943  .  148 

9t550o OO80O  37 

Average.       .00915  1  219 


trogen 
in  ker- 
nels. 


2.6965 

3.72t);i 

1.3961 

.3146 


2.0334 


2.81 
2.76 
2.67 
2.81 


Proteld  nitrogen 
(gram)  in— 


Percjent- 

age  of 

gliadin- 

plus-glu- 

Average  '  Kernels  I  fj^l^r!^: 

L-r.rnor        nn  r.lo nf     trOgen  m 


Gliadin-plus-glu- 
tenin     nitrogen 
(gram)  in- 


Average     Kernels 


kernel,      on  plant.'  j^eniels        J^^^^^^-    I  on  plant 


f 


I 


0.0002677  0.07577 

.0002527  I  .10285 

.0002519  .03728 

.0002389  I  .008H4 


1.97  0.0001877  I  0.05312 


2.76  ,     .0002.V28 


,05*318 


1.97        .0001877  ,     .05312 


WEIGHT  OF  AVERAGE  KERNEL,  0.010  TO  0.012  GRAM. 


3790<» 

'   o.oias6 

19 

4.j<i05 

.01161 

61 

509(V> 

.0108.5 

221 

STSa'j 

.01118 

221 

587a5 

!       .01082 

235 

942<J8 

.01175 

322 

Average . 

.01118 

179 

0.2063 

2.44 

.7081 

2.82 

2. 3982 

3.30 

2.4731 

3.18 

2.5436 

3.01 

3.7828 

3.10 

2.0187 


2.98 


0. 0002W9 
.0003273 
.0003.581 
.00035.56 
.0003258 
.0003642 


.0003326 


0.0a503 
.01997 
.07914 
.078,59 
.  07t>56 
.11727 

.06276 


1 

1 

2.92 
2.47 

0.0003264 
.0002673 

0.07221 
.06283 

2.  €9 


,000296.S  I     .06752 


WEIGHT  OF  AVERAGE  KERNEL,  0.012  TO  0.014  GRAM. 


17505.... 
22209.... 
26105.... 

39ft06 

40405.... 
42206. . . . 
450a5. . . . 
4.5M)5. . . . 
484a5.... 
4W06. . . . 
48408.... 
485a5. . . . 
50706. . . . 
.58207.... 
58805.... 
62805. . . . 
76206.... 
85206.... 
94605.... 

Average 


0.01340 

I 
29 

.01399 

31  , 

.01393 

131 

.01341 

346 

.01373 

46 

.01264 

25  1 

.01376 

235 

.01234 

124 

.01276 

76  1 

.01324 

249 

.01291 

27 

.01398 

137 

.01343 

35 

.01375 

307  , 

.01355 

170 

.01212 

111 

.01217 

447 

.01312 

376 

.01307 

56 

0.3885 

4.70 

.4336 

3.84 

1.8242 

3.02 

4.6383 

2.37 

.6316 

3.17 

.3161 

1.46 

3. '2340 

3.58 

1.5298 

1.84 

.9701 

3.31 

3.29<U 

4.87 

.3485 

2.81 

1.9154 

3.W5 

.4701 

2.80 

4.2207 

3.09 

2.3031 

2.43 

1.3451 

3.25 

5.4411 

4.45 

4.9315 

2.m 

.7319 

1.95 

.01323 


1.55.7 


2.a510 


0.0006296 
.00a5371 
.0003662 
.0003177 
.000kr)2 
.0001846' 
.0004927 
.0002700 
.0004225 
.00015447 
.0003627 
.0005117 
.(003761 
.0(X>424« 
.0(M«292 
.00(.)3938 
.0005417 

.ooo;m2 

.0002549 


3.12       .0004120 


0. 0182^5 
.01Ws5 
.05.508 
.109(57 
.02002 
.00462 
.11575 
.02815 
.03211 
.16053 
.00979 


.07010 
.01316 
.1:J042 
.  05:596 
.01272 
.24213 
.13118 
.01427 

.0(i<587 


1.36 


2.25 


1.76 
'2.49 


0.0001871  I  0.04398 


.(K)02979   .08168 


.0002460 
.'6663424' 


2.03 


1.98 


.0002641 


,03371 
"16516" 


,0002471  ,  .11046 


07499 


WEIGHT  OF  AVERAGE  KERNEL,  0.014  TO  0.016  GRAM. 


18805 0.01567 

18905 01M3 

18006 01420 

21210 01577 

21710 01437 

21812 01507 

26107 01416 

33408 01446 

38607 01.598 

43505 0L55.5 

4W07 01572 

50906 01516 

55006 01593 

5.5305 01.507 

57006 01453 


137 
103 

65 
237 

59 
983 
144 

^•* 

ti 
19 
93 
718 
114 
451 
167 
701 


2. 1462 

1.48*v4 

.9229 

3.9143 

.8478 

14. 8139 

2.03<K) 

1.1132 

.3037 

1. 44'V4 

11.2-S90 
1.7280 
7. 18.52 
2.5160 

10.1836 


2.02 
3.81 
3.48 
5.03 
2. 59 
4.26 
3.92 
1.39 
4.  .55 
4.13 

\.m 

3.57 
3.16 
2.48 
2.76 


O.OOOIJUW 

0.0433.5 

.  0O0.V198 

.05W)3 

.0004941 

.03212 

.0007«)34 

.  mm 

. 0003722 

.0219«5 

.000*5420 

.63107 

.00(>.5.551 

.07993 

.  (XKJ-Jtxy.) 

.01547 

.  0(X)7273 

.01.3S2 

Mn\\Z\ 

.  0.5974 

.00()23:>8 

.1»)933 

.0(K).5411 

.06169 

.(X)0.j(m 

.227a5 

.  0(K«736 

.06240 

.0004010 

.28107 

1.54 
i.'34 


2.02 
1.3.5 


1.  <;> 
1.97 


0.0003218 
".*  66621 13' 


.(KKW044 
.0001912 


.0002788 
.0002969 


0.03315 
.6524.5" 


. 29934 
,02753 


. 12574 
.04957 


27889— No.  78—05- 
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T.'.isl::  10. — Analyses  of  pUmts^  arranged  according  to  wei^  of  avtero/ge  hemel.    rr*««r 

1903— C<}nt'mued. 

WEIGHT  OF  AVER.\GE  KERNEL.  0.014  TO  0.016  GRAM— Continued. 


1                1 

1 

• 

Record 
numljer. 

1 

Weight 
of  aver- 

kernel 

(gram). 

0.01534 
.01.5t>8 
.01550 
.01585 
.01434 
.01495 
.01525 
.01491 
.01.534 
.01592 
.01553 
.01457 

Num- 
l)er  of 
kernels 

on 
plant. 

180 

153 
244 
167 

57 
203 
345 
160 
176 
181 
286 

52 

Weight 
of  kernels 
on  plant 
(grams). 

1    Per- 
centage 
of  pro- 
teid  ni- 
trogen 
In  Icer- 
nels. 


2.80 
2.44 
2.  .50 
2.48 
2.60 
2.56 
2.74 
2.93 
3.50 
2.09 
2.35 
2.47 

1    Proteid  i 
(gram 

Average 
kernel. 

litrogen 

)in- 

Kemels 
on  plant. 

0.07733 
.05853 
.0W53 
.06.563 
.02125 
.07964 
.14417 
.06991 
.09450 
.08616 
.10439 
.01872 

Percent- 
age of 
,  p'iadin- 
plus-glu- 
tenin  ni- 
trogen in 
kernels. 

Gliadin-pli3?-i!'-- 
(gram)  in- 

Averace     K^ru*^.* 
kernel,      on  -/jlh'- 

1 

57506 

ti3,506 t 

697a5 

72905 

74.508 

S6ia5 

922(V) 

92:«)5 

««MJ5 

92006 

94905 

9.5707 

Average . 

1 

2.7616 
2.3986 
3. 7810 
2.6462 

.8172 
3.0282 
5.2616 
2.3859 
2.7000 
2.8816 
4.44^ 

.7577 

0.00(M296 
.0003825 
.0003874 
.0003030 
.0003728 
.0003923 
.0004179 
.0004369 

.ooa53a9 

.00047eO 
.0003650 
.0003599 

2.M 

0.  ano3.ii« 

o.<V4: 



_ 

.01516 

232 

3.5480 

3.00 

.00(M6S5 

.10619 

1.76 

.a)O2S05 

.lyy 

WEIGHT  OF  AVERAGE  KERNEL. 

0.016  TO  0.018  GRAM. 

17306 ' 

17406 

17507 

207^5 ' 

21208 

21209 

21307 i 

21308 ' 

2isa5 

21808 

22206 

22-208 

26806 1 

268a^ 1 

26907 

26909 

27308 1 

33106 1 

33406 

37707 

39507 

44.50.5 

4.57a5 

46ia5 

46107 

4830t> 

48506 

487a5 

48706 

4880(i 

552a5 ' 

imOl 

55.508 

55607 

5.5905 , 

551K¥i , 

.56ia5 i 

5<U07 , 

56209 ; 

57005 ' 

57305 ' 

57.^08 , 

57.509 

59»)0«i 

m'm ' 

63105 , 

66006 

0.01645 
.01686 
.01795 
.01698 
.01798 
.01627 
.01796 
.01641 
.01699 
.01708 
.01720 
.01619 
.01793 
.01748 
.01792 
.01667 
.01ZZ7 
.017115 
.01627 
.01710 
.01699 
.01764 
.01712 
.01775 
.017.56 
.01692 
.01701 
.01652 
.0ir)35 
.01798 
.01723 
.01»)63 
.01732 
.01734 
.01751 
.01603 
.01709 
.016,58 
.01664 
.01746 
.01666 
.01705 
.01739 
.01712 
.01701 
.01717 
.01642 

243 

124 

43 

109 

287 

89 
143 
354 
1,232 
1,156 
14<\ 
118 
152 
•222 
102 
180 
254 

18 
283 
19;)  1 
111 
340 

44 
260 
478 
157 
5.56 
264 
379 
547 

40 
,342 
216 
138 
331 
499 
33(i 
872 
950 

8S 
.501 
577 
611 
.567 

35 

90 
366 

3.9968 
2.0907 
.7720 
1.8517 
5.1594 
1.4484 

2.^m 

5.8080 

20.9290 

19.7446 

2.  .571 2 

1.9090 

2.7255 

3.8811 

1.8276 

2.9999 

4.5123 

.3089 

4.6045 

3.30(M 

1.8862 

5.9990 

.7532 

4.6146 

8.3935 

2.6571 

9.4585 

4.3615 

6.1986 

9.8346 

.6893 

5.6864 

3.7407 

2.3931 

5.7948 

7.9968 

5. 7431 

14.455(5 

1,5.8086 

1.5364 

8.5777 

9.8378 

10.6261 

9.7084 

..5052 

1..5452 

6.0090 

3.09 
3.29 
3.80 
3.09 
3.24 
3.61 
3.04 
3.45 
2.69 
2.57 
3.22 
3.18 
2.60 
3.09 
-     2.61 
2.80 
4.15 
2.94 
2.87 
2.93 
3.02 
2.94 
4.18 
3.00 
2.54 
3.29 
3.20 
3.13 
3.00 
2.70 
3.10 
1.80 
3.11 
2.r.9 
2.67 
2.81 
2.73 
2.96 
2.59 
2.71 
3.19 
1.69 
2.54 
2.16 
1.87 
3.24 
3.54 

0.0005082 
.0005547 
.0006822 
.0005249 
.000.5824 
.00a5875 
.0005461 
.0005660 
.0004569 
.0004389 
.00a5538 
.0005144 
.0004662 
.0005402 
.0004677 
.0004667 
.0007373 
.0005045 
.0004670 
.0005010 
.0005132 
.0005187 
.0007155 
.0005324 
.00044(0 

.ooassds 

.0005444 
.0005171 
.0004906 
.0004877 
.0005342 
.0003142 
.0005386 
.000*665 
.0004674 
.0004503 
.0004667 
.0004007 
.0004310 
.0004731 
.0005826 
.0002881 
,0004417 
.0003(98 
.0003180 
.0005.563 
.0005812 

0.12350 
.06878 
.02934 
.a5722 
. 16712 

•   .05228 
.07810 
.20038 
..56299 
.50744 
.08086 
.06071 
.07086 
.11992 
.04995 
.08400 
.18726 
.00908 
.13215 
.09670 
.05606 
.17637 
.03148 
.13843 
.21319 
.08742 
.30267 
.13652 
.18596 
.26553 
.02137 
. 10747 
.11636 
.06437 
.  1.S470 
.23471 
.15679 
.42700 
.40045 
.04164 
.29188 

.    .16626 
.26990 
.20970 
.01113 
.a5007 
.21272 

2.15 

.  O.OOrMS  r. 

0  i:c»«3 

1.9;-> 
2.11 
2.14 

.iiatG4vS 

.OOair-Vi 
.000ti4r5 

.0«N 

2,28 

.OCXSP-_o 

.«t*l9 

1.88 

.0003134 

.o^m 

2.10  ; 

.oonx»\ 

,0  ^-: 

1 

2.08 
2.13 
2.17 
1.56 

..   ..          1 

.0003^2 
.  0003*  04 
.000*91 
.0002.577 

.174* 

.(«r9 

1.56 
1.96 

'.0002.504 
.0003:95 

i.75 
1.47 
2.12 
2.23 
2.21 
2.09 

.0003064 
.00O235« 
.0003622 
.0003697 
.0003677 
.01MI3A49 

.1(-U1 
.11755 
.12173 
,S229S 

.siss: 

.03211 

..........1-.-.. 

1.38 

.00022fi6 

.otess 

'.- 
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Table  10. — Analysea  cf  plnns,  arrGivjed  accordiTig  h  weight  of  myerage  kernel.    Crop  of 

liH^S — (  ontinued. 

WEIGHT  OP  AVERAGE  KERNEL,  0.016  TO  0  018  GRAM— Continuod. 


Rrcorrl 


I  I*er-        Proteid  nitrogen       Perrent- 

Welght     Num-     ^J^^^^„u^   ccntage         (gram)  in  ago  «f 

of  aver-     Ler  of   j\?l^\^  of  pro-  i 


age        kernels 


of  kernels  ^;;^^{'^^_ 


uu,n..er.    I    ^^^^^         ^„       on  plant    ^^^^^^^ 


glladin- 
pliis-giu- 
tenin  ni- 


Gliadin-pliiP-piu- 
tenin      nitrogen 
(gram)  in-  i 


/^r^      i^ia«f     (grams).    fATor  '  Average      Kernels    tro"nin     Average     Kernels  ' 
(gram).  !  plant.  /»  inker-      j^^^^f      on  plant.  V^^^^^"."       ^'''^'^'      on  plant. 


Ta^ai 

72r iM  .... 

lA'A^' 

74«X5.... 
744  07.... 

762tyi 

8140J'> 

85205 

WilO/*.... 
919a=i.... 
9190.K... 
92207.... 
9230H.... 

92405 

92407 

92505 

92506 

92908 

94407 

•^lUUV. ... 

95510 

95705 

Average 


kernel:'. 


0.01718 

65 

1.1166 

4.65 

0.0007988 

0.ail92 

.01724 

54,} 

9.3629 

1.89 

.0003414 

.  185:W 

.01781 

23 

.40») 

2.73 

.0004862 

.01118 

.01784 

399 

7.1181 

2.60 

.00(Hr)38 

. 18507 

.0K.99 

491 

o.  «J4Un 

2.56 

.0004:^49 

.21352 

.01«95 

498 

8.4407 

2.35 

.0003983 

.19836 

.01721 

72 

1.2391 

3.31 

.ooav.97 

.04101 

.01625 

214 

3.4766 

2  (» 

.0004224 

.09039 

.01749 

436 

7.6241 

2.r»3 

.0004599 

.20052 

.01739 

198 

3.4436 

3.»i 

.00a>844 

.11570 

.01774 

200 

3.5486 

2.81 

.0004986 

.09972 

.01767 

209 

3.6926 

2.55 

.a)04.5a5 

.0&416 

.01732 

347 

6.0091 

4.9:{ 

.00085.'» 

.29625 

.0UXX5 

214- 

3. 435(1 

3.10 

.0004977 

.  lOtiSO 

.01695 

53 

.8983 

1.66 

.0002814 

.01401 

.01706 

156 

2.6615 

3.00 

.00a51]8 

.07985 

.01690 

229 

3.8709 

4.39 

.0007421 

.ICWW 

.01732 

187 

3.2388 

2.32 

.0004018 

.07514 

.01615 

419 

6. 7«>4 

2.07 

.ooa'm3 

.1-1007 

.01696 

218 

3.6977 

3.ro 

.OOOoIOii 

.13312 

.01783 

159 

2.83.W 

1.81 

.00(X?228 

.a5132 

.01626 

636 

10.3426 

2.TA 

.0004131 

.2<>270 

.01709       305.9 


5. 2a'i5 


2.93 


,0«>,'i020 


iTO    I 


. 14618 


4.06     0.00070:«     0.24397 


2.07 


.00«l'>19 


13548 


WEIGHT  OF  AVERAGE  KERNEL,  0.018  TO  0.020  GRAM, 


I7:ia> 

0.019»4 

1740S 

.01852 

17400 

.018.57 

20710 

.01974 

2120- 

.01922 

'     2120H 

.01917 

21207 

.01955 

2130*5 

.01837 

21711...    . 

.')1968 

21JW 

.01919 

21810 

.01982 

21813 

.01877 

21905 

.01809 

21907 

.01851 

»     21912 

.01907 

22207 

.01940 

26905 

.01966 

2600'> 

.01859 

2700:» 

.01895 

27205 

.OlWl 

27306 

.01945 

27307 

.01847 

27507 

.01833 

28206 

.01996 

32207 

.01822 

32608 

.01851 

33ia5 

.01939 

33107 

.01919 

33405 

.01930 

33906 

.01921 

J42aj 

.01972 

3420^ 

.01968 

34208 

.01916 

344a5 

.0199-1 

36905 

.01880 

373a5 

.01987 

37705 

.01972 

■     38005 

.01808 

38506 

.01975 

38fi05 

.01987 

3JW08 

.01913 

38706 

.01988 

40205 

.01871 

18;} 

497 
802 
8»>7 
12;{ 
149 
118 
226 
873 
418 

52 
216 
791 
158 
510 
169 
326 
228 
866 
891 
6H4 
167 

75 
219 

69 

55 
132 
318 
421 
119 
464 

81 
156 
207 
267 
309 
461 
139 

85 

61 
158 
36,5 
194 


3.  f)302 

9.2038 

14.8957 

17.1115 

2.3(V42 

2.8.5«W 

2.3066 

4. 1516 

17.1820 

8.0214 

1.0304 

4.0258 

14.3111 

2.9248 

9.7236 

3.2787 

6.4102 

4.2376 

16.4120 

16.4061 

13.3011 

,0K50 

.3746 

,  3698 

.2573 

.OIKJ 

,  5601 

1026 

12t)8 

2. 2W)2 

9. 1498 

,5940 

.9RH6 

1-281 

,0200 

139^1 

,0905 

,5134 

.679?) 

,2124 

3.0228 

7.2.545 

3.6302 


3. 
1. 
4. 
1. 
1. 
2. 
6. 
8. 


1. 
2. 
4. 
5. 
6. 
8. 
2. 
1. 
1. 


3.03 
2.18 
2. 75 
2.83 
3.16 
5.23 
2.96 
2.90 
71 
73 

m 

04 
64 
35 
31 
77 


2. 
4. 
3. 
2. 
2. 
2. 
2. 


76 
71 
63 
41 


2.47 
2.53 
3.08 
3.07 
3.48 
3.78 
2.91 
2. 3.5 
2.0.3 
2.81 
2.73 
3.73 


13 
3.3 

88 
96 

89 


5. 8.5 
2.S2 
2.  .59 
4.».9 


0.0006010 
.0a)4037 
.0005108 
.00a5,586 
.0006074 
.00I(X»26 
.0005766 
.000.>i27 
.0005334 
.0005238 
.0005330 
.0007582 
.0004777 
.0006201 
.0004404 
.0(X).5374 
.0005427 
.00050:17 

.00rtr437 
.00(M80:? 
.(X)04674 
.00OVi46 
.000612<^ 

.aK);>34l 

.000t;9'.)8 
.0()0.5»vn 

.dar?45io 

.(X)a'?919 
.00().5;fiH> 

.oolriiKJ 

.0007340 
.0004081 
.00()M(«5 
.0007295 
.0005881 

.000513.5 
.00(V)7r2 
.0011627 
.0005.394 

.ofiosnR 

.0008776 


0.10999 
.200<i5 
.  4(W;M 
.48428 
.07471 
.149.39 
.0<M>4 
.12039 
.  4("i5»»:i 
.21898 
.02772 
.16377 
.37781 
.09798 
.22161 
.mHW2 
.17692 
.11484 
.431(»4 

.,m5;» 

.32.H.5.3 
.07S»)5 
.04'2:M 
.  1.3415 
.(M375 


.ft'W-19 
.074.50 
.14341 
. 16 498 
.OV124 
. 24979 
.0.5946 
.(Vi;W6 
.  1787.5 
. 19478 
.18173 

.2:«m8 

.07i:W 
.(M8.V) 
.0709;} 
.08.5-22 
.18789 
.  17(ri«) 


2.00 


0.000;W48  0.;M'222 


2.18 


.(X)0418:{ 


2.14 
2.18 
2. 15 


.0004017 
,0003944 
.0003980 


1.82 
2.09 
1.82 
1.90 
1.70 


.00035:n 
.0004109 

.000.3;^^ 

,  0(X).3(  (N) 

,(xxwi:«) 


2.42 


,(XXMS3() 


3.. 50 
1.92 


.(XX)t>7S7 

.(K)iT4T?iii 


17487 


.aS6]5 
.31198 
.06288 


.a59«)7 
,  i:^398 
07712 
,31182 
,27890 


10575 


.074,50 


2.44 

.(XXM8<>5       .10073 

2.29 
1.2<*) 
1.23 

.Q0(M.5,5O        .14060 
.win?  48,5        .lOlW 

.000-22'24        .03091 

1 

1.73 

.O0O;t;U»       .a5'229 

1 

3.07 

.0(X).5744        .11145 

C8 
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Table  10. — Analyses  of  plarUSf  arrajiged  according  to  weight  of  average  Jcemd.    Cntf  "jf 

1903— Continued. 

WEIGHT  OP  AVERAGE  KERNEL,  0.018  TO  0.030  GRAM— Continued. 


Record 
mimlKT. 


422(r> 
42«Kr> 
4\m7 

4»ii(r. 

4.S1(H) 
4K.'i(>S 
49.V1,') 

riio().'> 

.vVi()7 
.')7()()7 

r.7;i()rt 
r)7:«)7 
r)7  toi) 

r)7 107 
a7.")07 

r>7t'(is 
r)7S()'. 

(>r»:«)7 

7240<i 
72<507 
72S()t) 
74f)(»7 
SIJOJ 

SI  .-)<):) 

S4i)tlo 

924()S 
9240!) 
ir2.')()7 
♦V2fH)'.) 
9420,*) 
9}2CHi 
01207 
0420i) 
0-14(Mi 
94fKXi 
941K)7 
94'>H)S 
9.VO1 
O.'i.iOS 
9:.700 


Wpipht 
of  aver- 
age 
kernel 

tjfram). 


0.0I9<57 
.018W) 
.01H06 
.01S34 
.OlOtU 
.01919 
.OIS.W 
.01898 
.OllWIi 
.OIS(W 
.(MS28 
.01K46 
.019<V> 
.01931 
.01949 
.01S<M> 
.01959 
.01829 
.01975 
.01838 
.01801 
.OIS.«> 
.019(>8 
.0194rt 
.OllHW 
.01814 
.01«)99 

.oissn 

.01934 
.(U807 
.01878 
.01814 
.01984 
.01^47 
.019-29 
.01832 
.01906 
.018()9 
.018(« 
.OlM) 
.01927 
.01975 
.01811 
.01814 
.01S7H 
.01827 
.01814 
.01916 
.OlOlfi 
.01M»3 
.OlSCrt) 
.01909 
.01895 
.0192:i 
.01808 
. 0194« 
.01894 
.018;V2 
.01 9.54 
.01934 


Num- 
ler  of 
kernels 

on 
plant. 


94 

67 
101 
220 

82 
(508 
603 

67 

30 

mi 

118 
944 
578 
214 
504 
64-4 
333 
509 
168 
434 
261 
135 
762 
350 
438 
270 
1,158 
382 
208 
544 
373 


Per- 
Wei^ht   cen**«^ 


I  on  plant 
(grams). 


00  I 


174 
103  I 
2.^1 
430  ' 
188  I 
110  I 
493  , 
240  I 
146  I 

37  I 
382 
293  I 
546 
;i.')3 
207  ' 
315 
5aj 
529 

64  i 
402 
718 
190 
549 
»V8.-, 

(i2f5 
125 
.597 
740 

2f57  ' 


Average 


1.8494 

1.2499 
1.824(^ 
4.03.58 


1. 
11. 


6103 


11.2<K)8 

1.2716 

.59.58 

15.5835 
2. 1571 

17.4226 

11.3592 
4. 13-23 
9.8228 

12.0161 
6. 5232 
9.3093 
3.3176 
7.9772 
4.7117 
2. 4923 

14.99i)2 
6.9861 
8.6189 
4.8988 

23.1471 
7.1828 
4.0230 
9.8298 
7.0a51 
3. 155,) 
2.(M30 
4.7116 
8.2929 
3.4442 
2.0970 
9.2130 
4.5737 
2.8327 
.7130 
7. 5438 
5.3069 
9.9(m 
6. 620<') 
3. 7820 
5,7131 
9. 6779 

10. 1363 
2117 
5006 
7a57 

3.  am 

10. 5ri5«i 
12.3862 
12. 1918 

2.3«i78 
ll.a>48 
14.4617 

.5. 1629 


1 

mm 

i 

13 


teid  ni- 
trogen 
in  ker- 
nels. 


3.<i3 
3.17 
2.44 
1.91 
2.54 
2.38 
2.76 
3.24 
3.54 
1.34 
4.21 


.01901       349.6  I      6.6327 


60 
56 
18 
63 
57 
51 
2.42 
2.t>5 
2.86 
2.43 
2.75 
2.62 
2.85 
2.64 
2.87 
2.74 
2.12 
1.90 
2.41 
2.28 
3.59 
4.42 
2.29 
2.95 
5.59 
3.01 
3.02 
2.62 
2.94 
2  32 
3.43 
2.83 
2.f>5 
2.72 
2.97 
2.30 
2.58 
2.70 
l.r»5 
2.78 
2.86 
2.49 
2.47 
3.41 
2.94 
1.96 
2.74 
2.56 
2.73 

2.88 


Proteid  nitrogen 
(gram)  in- 


Average 
kernel. 


0.0007142 
.0005447 
.0004408 
.0003.504 
.0004988 
.00(M567 
.0005127 
.0006149 
.0007a32 
.01X>2422 
.0007696 
.0004799 
.000.5031 
.0004210 
.0005126 
.0001795 
.0004917 
.tXXM426 
.0005233 
.aX)52.57 
.0004387 
.0005077 
.0005157 
.  00(XV>4o 
.a)05195 
.0005207 
.00054(>4 
.000398<i 
.0003674 
.0004*282 
.0004355 
.000<i510 
.0008767 
.0004231 
.0005689 
.0010241 
.0005738 
.00a5644 
.0004879 
.00a57O4 
.0004471 
.0006773 
.O0a512(» 
.0004807 
.0005102 
.00a>426 
.0004171 
.0004944 
.0005173 
.0003124 
.O0a5187 
.00054(10 
.0004719 
.0004749 
.0006166 
.0005726 
.00a3713 
.0005074 
.000500:} 
.0005279 

.0005476 


Kernels 
on  plant. 


Percent- 
age of 
gliadin- 
plus-glu- 
tenin  ni- 
trogen in 
kernels. 


Glifldin-pla«-€'"-  j- 
tenin      niir*  i-^i. 
(grami  :n- 


Averaee 
kernel. 


KeTP*^ '.  * 
on  p.tsf. 


0.06713 
.03()50 
.04452 
.07708 
.01090 
.277f»5 
.30986 
.04120 
.02109 
.20881 
.09082 
.45299 
.29079 
.09008 
.258;m 
.30881 
.16373 
.22529 
.08792 
.22815 
.11445 
.0fl8.>4 
.39297 
.199a5 
.22756 
.14060 
.63422 
.  1.5228 
.07644 
.23(^ 
. 15071 
.11328 
.09030 
.10790 
.244« 
.19253 
.08312 
.27823 
.11710 
.08328 
.016M 
.25873 
. 15019 
.26245 
.18008 
.11-233 
. 13140 
.249(i9 
.27367 
.01999 
.20851 
.39199 
.08965 
.26073 
.42236 
.35844 
.04641 
.30291 
.37023 
.14095 

.18039 


2.  TS     0.  OOOXCO  ii  a"^  *IS 


1.8U 


a0034.>4 


-JfM»7 


2.21 

1.58 
1.87 


O0mtU4) 

0002yi7 

.0003673 


.04>7 
.21241 


2.07 
2.09 
1,85 
1.95 


.00040^4 
.0iX13*X) 
.OO0R624 
.00ll35ri6 


2,"  114 
I'^ll^ 


2.13 

1.86 
1.55 


,O0iJc?9;J2 

OOilSfirtCi 

.00030  Its 


.J7>»* 

.i»e> 


2.68 
2.11 


.0Ot>48i^I 
,00O421S 


151  iti 

4Vs^ 


1.68 
1.81 


.O0ll3n3ri 
.00iB3» 


1^*14 


2.51        .00IM5d8        .Ow»45 


2.65        .OOa'iUl   t     .073-7 


2.08       .000397^ 


l.V^l 


WEIGHT  OF  AVERAGE  KERNEL,  0.030  TO  0.022  GRAM. 


173(XS. 
1740"). 
20706. 
20708. 
207(K». 
20S0'). 


0.02012 
.02127 

.(r2o:w 

. 02024 
.020' 13 
.02157 


61 

7;« 

1(\3 
122 
258 
•  97 


1.2275 
15.  &tm) 
3.3138 
2.4m) 
5.3229 
14.  (3942 


3.25 
2.13 
2.78 
2.58 
3.05 
3.32 


0. 0006540 
.0004531 
.0005652 
.0005221 
.000-'292 
.000 '999 


0.03994 
.33441 
.09212 
.06399 
.  162:J5 
.48784 


I 


* *>         

2.a5 

0.0004168 

0.06793 

2.31 
2.26 

.0(XH7ti6 
.0004875 

.I229r> 

.sons 
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10. — Analyses  of  plants^  arranged  according  to  wexght  of  average  kernel .    Crop  of 

190S — Continued. 


WEIGHT  OF  AVERAGE  KERNEL,  0.020  TO  0.022  ORAM— Ojntinued. 


"Record 
£iuin  .er. 


Weight 
of  aver- 
age 
kernel 
(gram). 


Num- 
ber of 
kernels 

on 
I  plant. 


21212 

0.02049 

21305 

.02004 

21707 

.02125 

21709 

.02141 

21811 

.02101 

21908 

.02056 

21913 

.02072 

22210 

.02019 

22211 

.02062 

25205 

.02066 

2fJ908 

.02073 

27-207 

.02004 

27305 

.02085 

275a5 

.02183 

28S06 

.02111 

32206 

.02052 

3-2t=(W 

.02145 

33305 

.02(J90 

336<)« 

.02144 

33fi07 

.02125 

33905 

.02194 

377(K> 

.(r2155 

SSfiOH 

.02110 

39205 

.02089 

39405 

.02093 

40305 

.02011 

44605 

.02049 

44*i0rt 

.0203;> 

48409 

.02048 

.55IX)5 

.02028 

.'iooOr} 

.02f)()2 

35605 

.02184 

55008 

.02175 

57405 

.02031 

57408 

.(y2(M7 

58806 

.02049 

63106 

.02001 

653W 

.02008 

66005 

.02073 

69506 

.02047 

69806 

.02153 

72705 

.02191 

72707 

.02036 

73306 

.020»*2 

74305 

.02047 

74606 

.02079 

803O5 

.02ir»5 

81705 

.02106 

81706 

.(y2132 

81709 

.02175 

84405 

.02043 

88606 

.020<i8 

8W108 

.02075 

88609 

.02100 

924()« 

.02U:8 

9291)7 

.(r2040 

95.107 

.02029 

95509 

.02K«) 

Average 


I 

-I 

84  > 
312 
582 
361 
.567 
173 
492 
298 
561 
522 
192 
166 
267 
539 

6a5 1 

507  ! 

W  I 
150 
382 
136 
508 

56 

401 

1,031 

447 

179 

55 
124 
314 
393 
866 
500 
562 

41 
596 

95 
165 
583 
370 
6(i3 
5.58 
372 
225 
414 
216 
464 
729 
465 
722 
7.57 
428 
481 

74 
470 
380 
219 
571 
138 


.02085  I    386.6 


Per« 

of  kernels  .  j*i    .   . 

(grams;.,  jj^j^pp_ 
I    nels. 


1.7216 

6.2514 

12.3685 

7.7296 

11.9114 

3.5574 

10.1925 

6.0173 

11.5675 

10.7836 

3.9797 

3.3266 

5.5666 

12.0399 

14.4630 

10.4036 

2.0162 

3.1346 

8. 1890 

2.8903 

11.1476 

1.2069 

8.4605 

21.. 5399 

9.3541 

3.6003 

1.1271 

2.5235 

6.4302 

7.9684 

17.8506 

10.9180 

12.2210 

.8328 

12.2004 

1.94(".9 

3.3006 

11.70(ki 

7.6elK) 

13.. 5696 

12.01.V) 

9. 1.522 

4.. 580^1 

8.5373 

4.4222 

9.6451 

1.5.7.H.^5 

9. 7922 

15. 3<)-28 

16.  4<.92 

8. 7448 

9.94,V> 

1.535.5 

9.8719 

8.23<i^? 

4.4673 

12. 1592 

.2.9475 

8. 1267 


2.16 
2.67 
2.19 
2.47 
3. 75 
3.82 
3.01 
3.17 
3.17 
2.71 
2.96 
2.92 
2.58 
2.12 
3.02 
1.81 
2.88 
3.41 
2.21 
3.22 
1.61 
2.34 
2.i\3 
2.11 
2.88 
3.11 
2.86 
2.90 
2.02 
3.a5 
2.80 
2.64 
2.42 
1.98 
2.61 
1.88 
2.79 
2.09 
2.63 
2.  .50 
1.66 
2.13 
3.49 
2.45 
1.98 
2.30 
1.81 
1.98 
2.71 
2.28 
2.48 
2.  .53 
2.47 
2.42 
3.11 
2.56 
2.. 59 
2.48 

2.60 


I 


Proteid  nitrogen 
(gram)  in- 


Average 
kernel. 


0.0004427 
.0005350 
.0004(iM 
.0005289 
.0007877 
.0007855 
.000(4235 
.0006401 
.0006537 
.0005599 
.0006135 
.0005850 
.0005379 
.0004627 
.0006376 
.0003714 
.0006177 
.0007126 
.00047.38 
.00«'^3 
.000.^533 
.00050.53 
.00a5549 
.0004407 
.000t:027 
.00062.55 
.00058<M 
.00a5902 
.0004137 
.0006185 
.0(K)5773 
.00(J5765 
.00052*)2 
.0004022 
.00a5343 
.0003H.5;i 
.0005.581 
.(K)04197 
.0005451 
.0005117 
.00a3.574 
.00046^58 
.0(X)71O5 
.0(K).5O52 
.0004054 
.(X»4781 
.000.3919 
.000-4170 
.00a5778 
.00O49<':0 
.00O.5W17 
.000.5231 
.0005125 
.0(X).5082 
.(i(X)n74l 
.(XXK5220 
.000.5.515 
.0(X)5297 

.0(W.5422 


Kernels 
on  plant. 


Peroent- 
ajge  of 
gltadin- 
pliis-glu- 
tenin  ni- 
trogen in 
kernels. 


0.03718 
.16691 
.27086 
.19092 
.44666 
.13589 
.30(^ 
.  UX)75 
.3«i71 
.28560 
.11780 
.09712 
.  143<)2 
.24942 
.43679 
.18831 
.a5S07 
.  lOr.89 
.  180i)8 
.09307 
. 17948 
.02824 
.222.51 
.4.5435 
.21399 
. 1 1 197 
.03223 
.07318 
.12989 
.  243a3 
.4995 
.28823 
.29.575 
.01649 
.31842 
.(W^iiiO 
.  {X>2as 
.24468 
.20170 
.;«923 
. 19943 
.  lt>936 
.  I59.S() 
.205118 
.  087.5<i 
.2218.1 
.  '2S.V.9 
. 19388 
.41715 
.  37.548 
.21687 
.25162 
.03793 
.2.'i890 
.2.5*)  16 
.11436 
.31492 
.07310 

.2tr)10 


G  liadin-plus-glu- 
tenin      nitrogen 
(gram)  in- 


Average 
kernel. 


KernrLs 
on  plant. 


1.97  I  0.0003948     0. 121515 


2.16 
1.88 

i..55 
l.f.9 

"2."i6' 
1.95 
1.73 
1 .  »:5 


.0004538 
.0003955 

.'6663i29" 
.0003485  I 

I 

.'6664478' 

.ooa'iiKw 

.0(X)»i07 
.000:i602 
.0003926 


2.41 
2."  4.5" 


000.5037 
"666.5206' 


1.39 
1.84 
1.44 


.00029:« 
,  000.3S44 
,  QKXXmA 


1.29 
1.50 
1.99 
2.20 
1.96 
1.96 


,000262.5 
,000;W72 
.0004036 
,0004536 
,000-4281 
,00O42»»3 


1.64 


.(XX13357 


2.20 
1.95 
2.18 


.0004402 
.000:^<)16 
.0(XH519 


2.05 
1.77 
1.96 
2.03 


.0(X>42t)2 
.tXX):J832 
.(XXV4128 
.(XXM32S 


1.92   .(XXW9*H) 


WEIGHT  OF  AVr:RA(JK  KERNKL.  0.0-22  TO  0.024  GUAM. 


17307 
17410 
20707 
21706 
2170K 
21806 
21909 
21911 


0.02279 
.02285 
.02282 
.02390 
.02381 
.02378 
.02317 
.022(X) 


.25728 
.06688 

"69327" 
.19548 

! 68596' 
.0<V487 
.096.'W 
.  1986() 
.26901 


.11760 
.39635 
. 13470 


,032,55 
,09*,45 
,  1.5857 
.39272 
.21400 
•239,53 


.'Axm 


,072t.l 
,  •J-JS28 
.  In714 


. 19772 
.27937 
. 19193 
.3124« 


17;i,51 


.07.V)4     ! 

^owi" 


138 

3. 1454 

744 

16.9987 

444 

9. 9070 

807 

19.3318 

390 

9. 28.50 

.599 

14.24.50 

.525 

12. 1819 

383 

8.4593 

3.46 
2.88 
2.77 
4.71 
2.33 
2.71 
4.43 
5. 48 


0.0007S8i'> 
.0(K)6.5.S0 
.00(X)1S1 
.(X)l  128,3 
.0(X>.5.547 
.(X)(Xi44  4 
.(X)10265 
.0012103 


0. 108.s;J  : 

.  489.57    ' 


.27443 
.91052 
.216.34 
.  38<i04 
.  .5:iKS9 
.4t>;J,5t) 


1 . 8.5     0. 0(X)  4222     0. 1S328 


1.98 


.OCXWilV 


/  ( 


.29W6 
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Table  10. — Analyses  of  plants ^  arranged  according  to  weight  of  average  kernel.     Crop  of 

1903— Ck>ntinued. 

WEIGHT  OF  AVEUAGK  KERNEL,  ).022  TO  0  024  GRAM— Continued 


Ilcoord 
iium  er. 


Woight 
of  avcr- 

kernel 
(graiii). 


'  <^r  of   ,  f  w  ^««l«  «>'  pro- 

kprnelB ';IJ^*  ['nl    toifl  ni- 
on  plant    ^^^.^^ 

(gram*').   ^^  ^^^_ 
nels. 


on 
plant. 


Prot-old  nitrogtn 

(gram>  in- 


Average 
kcmol. 


Kernels 
on  plant. 


Peroent- 
age  of 
gUadin- 
plus-glu- 
tenin  ni- 
trogen in 
kernels. 


Gliadin-i»tu>-?lii- 
fenin       i?.ir«»£^n 
(gram)  ui- 


AverasTP 
kempl. 


K.c*i  wis 

on  ilanl 


2V3V. 0.02281 

2r»li).. 02304 

2«WK-. 0224X 

•2i^)l ,       .02:«K) 

27:iO»i 02252 

27,'iOK '       .022S7 

27:i<W O220ti 

32«(Vi Or2:i'2:,\ 

.•«»07 02271 

;twk') 02;m 

34-207 02219 

:M*<Hi 02213 

38.VI.J 022.V2 

38<)09 (r2:W9 

424a') OH.")! 

4340.". 0225S 

4S.')07 0229f> 

.'v'i.SOS 02395 

55U)»i 022«V» 

.■H)207 02:wi 

.V.20.S 02:t."ifi 

f)inw\ .02:i;« 

571(17 022:11 

(Wl()7 Ar2:2Xi 

!».');«  V) 02:U() 

(iasi).'i 02220 

7llHr. 0223!) 

7270S (.12270 

7;«()7 02221) 

7:i:«)S ()22*»1 

81707 ()Si:U\ 

81710 <LM08 

s^i;()7 (r22o:) 

1M30.^> 02242 

Aversigi^  .        .  022.S."i       3.S8.  I 


ao5 

90 
•220 
721 
444 
•251 
243 
225 
30.3 
.'Ml 
till 
280 
riKl 
293 

124 
70 

;»7 

4«2 

rm 

132 
73fi 
417 

78 

no 

i,2f:o 

;ws 

25 
(V24 
78() 
[VMS 
234 
138 


4.f>7.'>4 
2.0737 
4.94.% 

17. -2324 

lOOOO'i 
.'i..'i324  ' 
5.3«15  , 
5.2268 
7.0S80 
7.0596 

13. 5.55«> 
6. 1962 

12. 1088 
6. 7«)6o 
1.4892 
2.8000 

i.6o:v> 

0.  .5078 

ll.(W30 

10.W)73 

13. 5720 

3.0790 

16. 4433 

9.3120 

1.8018 

2. 4 120 

•28.2136 

9.0.3S»> 

.  5,''.72 

I4.'2<I8<) 

18.3614  ' 

9.1411 

.5.  K>S4 

3.0940 

8. 8879 


2.76  0.0006295  0.12904    

2.<'3  .0006060  1  .OM^    

2.81  .0006317  1  .13897    

2.80  .0006692  .48250 

2.70  .0006082  .27003  1.98     0.000445t)      O.  l<*>^il 

2.64  .0006037  .14608  2.32       .OrRl>:«)6         .  liN>5 

2.90  .0006399  .1,'>,>49  !.(«       .(»«2Kr>        AC.<44 

1.20  .0002788  .06272    

1.62  .0003679  .11-223    

2.39  .0005605  .16872  1.92       .O0O4xVr2        .  l^SSf 

'2. 84  .0006273  i  .385a5    

3. 12  .0006904  . 19332    

3.61  .0007764  .43713  1.77       .000:5»N6        .'21  *X* 

2.74.1  .0006475  .18540  1.34        .0Q»3»9I        A».*u 

3.07  .0006927  .04572    

2.92  .0006594  .08176  1.18       .00021^4        AlViH 

2.64  .0006062!  .04233    

2. 5-1  .000»>225  .241.T0    

2. 58  .  00a5690  .  "28580  1 .  49       .  0002^4 ©        .  I  rV- J» 

2.34  .00OS524  .25.522  1.83        .(W>4;t21         .19!*0 

2.61   '  .0006149  .34616  1.95       .00045W        .y4u> 

2.74  .OOOt-391   I  .08436    

1.73  .00038<i5  .24817    

2.43  .000M26  .22628    

4.{fc}  .0011365  . 0884-5    

5.82  .0012921  .  14'>13  i  1.94       .«.4«>*307        aH7.^ 

2.47  .OOaViSl  .(i9*^.88    

2.27  .0005154  .20-18    

2.:i9  .ooaw27  .oi.s:i2  

2.92  I  .0006539  .4r52    

2.M  ,  .00a5466  .429.'o    

1.92  .00O^T2  ATiTjO    

2.61  .00a5~.>4  .13^63    

3.21  .0007197  .09932    

•2.90  .000»)^.24  .25166  1.74       .0004011        .LV,!'. 


WEIGHT  OF  AVERAGE  KERNEL.  0.024  TO  0.026  GRAM. 


17.'JK» 

O.(»24t»0  1 

\Ki 

2.2881 

3.-^2  , 

0.0008660 

2ls<)7 ■ 

.(rjms 

377 

9.4172 

2.73 

.000(5664 

,     2VMM> ' 

.di.v;;^ 

408 

10. 4800 

3. 18  ' 

.00OS168 

27J<>. 

.02  It. 9 

1 1 1 

19.  \K'A 

2.36 

.000.5827 

•2S.SJJ:. 

.o-j.'.rj  ' 

S7 

2. 18,-)1 

2.91  1 

.0007309 

1     37'. »().". 

.(L'.Vm  1 

37 

.9152 

2.53 

.0(XKM63 

io:.().' 1 

.(VJIH  . 

170 

4.  l."»46 

2. 82 

.(K)06892 

'     i.s;{(X^ 

AVI-'AA  ' 

473 

12.0-278 

2.87  1 

.0007299 

'     .V.1H)7 

.()J.V.HI 

749 

19.  396<) 

2.59  , 

.0006707 

.     727t)». 

.OJIM 

.-.91 

14.(i80.2 

3. 8»'> 

.0009.588 

8170^ 

.(t_>.")78 

•2.S7 

7.3'.»'.I3 

2.41 

.0006213 

9_'-J(M- 

.  02  K)7 

4<i 

1.1074 

2.67 

.0006128 

911().-> 

.(rj."il3 

2-2 

.  5:.95 

2.67 

.0006790 

.Vveiiip* . 

.or.  11 

31M.7 

7. 9s»i(> 

2. 8«) 

1 

.0007154 

0.08044  I  2.23  O.O0ar>4N6  O.a'.HO 

.25709  2.11  .00aj271  - '*»^7ii 

.33403  2.10  .000.5382  -'-V■^ 

.45276  j  1.46  .OOiXkOi  .'.Nih 

.063.50  I  l.SS  .O003i®4  .(U*^7 

.0-2391    

.11716  2.19  .00aW>2  -itiW 

.34524  1.77  .0004:*m  .21_»<' 

.oO-nW  \A.\  .0004170  .3J2L*' 
.  56*WW» 

!  i783;j  i .64  "  .*(xVm>>      . i ji>: 

.0-2957    

.01494    

.22816  1.85        .OlXM^M         .lr»B 


21211. 
2I7().-.. 

3'.«."p<)i?. 
U»«H).'.. 
.V.t.OS. 
.■i.V.KI«>. 
57.".<)S. 

5*v"i(r». 
7210'.. 


Av(M-itiie 


WE  KM  IT  OF  A\  KRAGE  KERNEL.  0.026  GRAM  AND  OVER. 


0. 02S06 
.OL't.VJ 
.()2Sii9 
.  02'.>;{9 
.0-2(.«)9 

.o;io:.o 

.(W177 

.(»27;«) 
.  03«)(',;', 


10 
.-)8 
67 
23 
8:{7 

;i.so 

273 
2i:i 


.0-2<JS,s       240.3 


0.  '280(i 

1.5r3) 

1.9218 

.  \uH) 

'22.  .58-18 
9.2rJ0 

12.07-28 
7.4516 
8.  1415 

7.212.5 


3.15 
2.  15 
2.93 
3.62 
2.31 

2.;« 

2.21 
2. 95 
3.36 

2.81 


0.000»<^39 
.0006514 
.0008104 
.00]0(i40 
.0006236 
.00ir016 
.0007021 
.00OS052 
.0013:116 

.0008449 


0.00884  

.03778  

.05631  2.0(1     0.0005915     0.(Ud:« 

.02436  

.521^  , 

. 21 187  I i. 66*   ' .ooftvV/r    ' .  \:i.'T: 

.26680  I     2.a5   .O01K513   .247a» 

.21982  

.28:163  

.18r2(i      1.92   .0(X\V<29   .  14»«>7 


VK^K  11. — Summary  of  analyses  of  plants,  arranged  according  to  weight  of  average  kernel. 

Crop  of  1903. 


:fiange  of  Num- 

reights  of  ber  cf 

» ra  ge  -ke  mel  anal  y- 
(^am).  ses. 


Weight 
of  aver- 
age ker- 
nel 
(gram). 


I  ber  of 
kernels 


Weight 
of  ker- 
nels 


Per- 
cent- 
age of 
pro- 
teid  ni- 


Proteid  nitrogen 
(gram)  in~ 


.010 
.012 
.014 
.016 
.018 

f.oao 

\  €J22 
».CX24 
».CX36 


too 
too 
to  0 
too 
too 
to  0 
too 
toO 
too. 
and 


010.. . 
012.. . 
014... 
016... 
018... 
020... 
022... 
024... 
026  .. 
over. 


(grams),  trogen 
in  ker- 
nels. 


Average 
kernel. 


Ker- 
nels. 


4 

6 

19 

27 

69 

103 

64 

42 

13 

9 


0.00915 
.01118 
.01323 
.01516 
.01709 
.019(31 
.02O8.'J 
.02285 
.02511 
.02988 


219 
179 
155. 
2:^2 

3a=>. 

349. 


386.6 

316.  7 
240.3 


2.0334 

2.0187 
2.0510 
3.S480 
5. 2055 
6.6327 
8. 1257 
8.8879 
7.9«)6 
7.242.> 


2.76 
2.98 
3.12 
3.00 


2. 
2. 
2. 
2. 
2. 


93 
88 
60 
90 
86 


2.81 


0.0002528 

I  .000332() 

I  .0004120 

.0(K)4555 

.00():)020 

.0005476 

.000.5422 

.0006624 

,  .00071.54 

.0008449 


0.0.T618 
.06276 
.06687 
. 10619 
. 14618 
.18039 
.  20.')10 
.25166 
.22816 
.18126 


Per 
cent- 
age  of 
glia- 
din- 
plus- 
glu- 
tenin 
nitro- 
gen in 
ker- 
nels. 


1.97 
2.69 
1.98 
1.76 
2.07 
2.08 
1.92 
1.74 
1.8.'> 
1.92 


O  lia  din-plus- 
gin  tenin  nitro- 
gen (gram)  in- 


Average  ■    Ker 


Kernel. 

neis. 

0.0001877 

0.05312 

.0002968 

.067.-.2 

.0002&I1 

.07499 

.0002805 

.09320 

.0003519 

.13548 

.0003979 

.15541 

.0003999 

.17351 

.0004011 

.15515 

.00046.54 

.16903 

.000.5829 

.14667 

With  an  increase  in  the  w^eight  of  the  kernel,  as  shown  by  this 
table,  there  is  an  irregular  increase  in  the  number  of  kernels  on  the 
j>lant  up  to  a  point  somewhat  beyond  the  kernel  of  average  weight, 
a,fter  which  there  is  a  decrease.     The  weight  of  the  kernels  on  the 
{^lant  seems  to  follow  the  same  rule.     The  percentage  of  proteid 
nitrogen  in  the  kernels  decreases,  in  general,  wuth  the  w'eight  of  the 
average  kernel,  while  the  number  of  grams  of  proteid  nitrogen  in 
t.he  average  kernel  increases  steadily.     The  grams  of  proteid  nitro- 
gen in  all  the  kernels  on  the  plant  increase  up  to  the  same  point  as 
do  the  number  of  kernels  on  the  plant,  and  then  decrease. 

Table  12  shows  the  summary  of  the  analyses  of  the  crop  of  1903, 
arianged  according  to  the  grams  of  proteid  nitrogen  in  the  average 
kernel.  All  plants  laving  less  than  0.0003  gram  of  proteid  nitro- 
gen form  the  first  class,  and  the  following  classes  increase  with  each 
0.0001  gram  of  proteid  nitrogen. 

It  is  difficult  to  trace  any  relation  between  the  grams  of  proteid 
nitrogen  in  thi^  aveiage  kernel  and  the  number  of  kernels  on  the  plant, 
or  the  weight  of  the  kernels  on  the  plant.  The  weight  of  the  average 
kernel  increases  directly  with  the  grams  of  proteid  nitrogen  in  the 
kernel.  The  percentage  of  proteid  nitrogen  increases  regularly 
with  an  increase  in  the  grams  of  proteid  nitrogen  in  the  average 
kernel.  The  grams  of  proteid  nitrogen  in  all  the  kernels  on  the  plant 
show  no  definite  relation  to  the  grams  of  proteid  nitrogen  in  the 
average  kernel. 

It  becomes  evident  from  these  results  that  selection  of  large, 
heavy  kernels  for  seed  would  result  in  discarding  the  immature 
and  unsound  kernels,  but  that  there  would  also  be  discarded  manv 
sound  kernels,  which,  although  small  and  of  low  specific  gravity, 
would  contain  a  high  percentage  of  proteids. 
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Another  eflFect  of  such  selection,  as  indicated  by  the  foregoing 
results,  would  be  to  increase  the  yield  of  grain  from  each  plant 
when  grown  under  the  conditions  that  obtained  in  these  experi- 
ments. What  the  effect  would  be  upon  the  yield  under  ordinanr 
field  conditions  these  experiments  do  not  mdicate. 

On  the  other  hand,  selection  based  upon  percentage  of  proteid 
nitrogen  alone  would  not  result  in  securing  plants  of  greatest  yield 
when  raised  under  these  conditions.  It  would,  moreover,  not  result 
in  obtaining  plants  producing  the  greatest  amount  of  proteid  nitro- 
gen, nor  even  of  kernels  containing  the  largest  quantity  of  proteid 
nitrogen. 

Table  12. — Summary  ofajialyses  of  plants ^  arranged  according  to  grams  of  proteid  nitro^n 

in  average  Jcemel.    Crop  of  190S. 


Rango  of  proteid  nitrogon  in 
average  kernel  (gram). 


Proteid 
nitrogen 

(gram). 


Num-    Number 
ber  of     of  ker- 
nels on 
plant. 


sea. 


Weight  (in  grams)    Peroait- 
of—  age  of 

proteid 

nitrof^m 
in  ker- 


Kemels    Average 


Below  0  OOaiO I    0.0002509 


0.00030  to  0.00040. 
0.00040  too, OOOTiO. 
0.00(X50  to  0  00060. 
0  00060  to  0(10070. 
0.00070  to  0.00080. 
0.0at80to0  0(J090. 
0.(KX)90  to  0.00100. 
0.00100  and  over. 


.0003602 
.0004537 
.OOaS406 
.0006409 
.0007430 
.0008538 
.0009588 
.0011578 


14 

42 

80 

116 

59 

24 

9 

1 

11 


257.9 
266.7 
409.2 
341.5 
310.3 
204.9 
189.1 
591.0 
244.9 


Ull      l/lUUIr. 

ikri  uci. 

nels. 

3.9190 

a  01364 

1.96 

4.6742 

.Q14S28 

2.31 

7.5309 

.01811 

2.54  . 

6.7159 

.01908 

2.88 

6.7257 

.02137 

3.07 

4.5158 

.02110 

3.66 

4.2480 

.02334 

3.T9 

14.6802 

.02484 

3. 86 

6.6082 

.02875 

4.62 

Pmteid 
nitrogen 

in  ker- 
nels «n 

plant 
(grsmj. 

.i53:s 

.IJ&M 


It  will  be  shown  later  that  the  determination  of  gliadin-plus-glutenin 
nitrogen  is  a  safer  guide  to  the  bread-making  value  of  wheat  than  is 
a  determination  of  proteid  nitrogen,  but  whether  selection  should  be 
based  upon  the  percentage  of  nitrogen  or  the  total  production  of 
nitrogen  by  the  plant,  or  upon  the  amount  contained  in  the  average 
kernel,  is  a  question  that  can  not  be  solved  except  by  trial  under  field 
conditions. 

Some  results  of  experiments  with  light  and  with  heav^^  seed  con- 
ducted on  large  field  plots  for  several  years  may  throw  some  light 
on  this  subject,  and  arc  given  herewith. 

YIELD  OF  NTITItOGENr  FEB  ACKE. 

It  is  important  to  know  ^vhether  the  absolute  amoimt  of  nitro- 
gen per  acre  of  grain  raised  is  greater  in  light  or  in  heavy  wheat. 

If  the  absolute  amount  of  nitrogen  per  acre  is  less  in  light  than 
in  heavy  wheat  the  supposition  would  be  justifiable  that  the  kernels 
were  immature  or  had  been  prematurely  checked  in  their  develop- 
ment. On  the  other  hand,  if  the  amount  of  nitrogen  per  acre  is 
greater  in  the  light  wheat  it  would  be  reasonable  to  suppose  that,  as 
both  had  been  raised  under  the  same  conditions,  the  light  wheat  had, 
in  part  at  least,  come  from  plants  that  possessed  greater  ability  to 
acquire  and  elaborate  nitrogenous  material. 


To  afford  information  on  this  point  analyses  were  made  of  crops 
row^n  from  light  and  from  heavy  seed.  Records  of  the  yields  of  the 
Lots  were  kept  in  each  case  so  that  the  actual  amount  of  proteid 
i'fcrogen  contained  in  an  acre  of  each  kind  of  wheat  can  be  calculated. 
*l:ie  number  of  grams  of  proteid  nitrogen  in  1,000  kernels  of  each  seed 

d  crop  sample  is  also  stated.     The  first  samples  separated,  Nos.  78 

d  79  of  the  Turkish  Red  variety  and  80  and  81  of  the  Big  Frame 
ty,  were  taken  from  seed  that  had  never  before  been  treated 
r\  this  way.  When  planted  they  produced  the  crops  indicated  in 
7able  13  by  78b,  79b,  80b,  and  81b,  respectively.  Each  of  these 
rrops  was  then  separated  into  two  portions,  of  which  the  light  portion 
>f  the  light  wheat  was  retained  for  analyzing  and  planting,  and  the 
:ieavy  portion  of  the  heavy  wheat  likewise  retained.  Thus  No.  383 
s  the  light  portion  of  No.  78b,  and  No.  384  is  the  heavy  portion  of 
^To.  79b. 

The  accuracy  of  the  records  of  relative  yields  of  light  and  heavy 
seed  harvested  in  1902  being  open  to  suspicion,  samples  of  the  same 
seed  were  sown  again  in  the  autumn  of  1902  and  harvested  in  1903. 
The  results  from  this  test  are  stated  at  the  bottom  of  the  table  under 
tlie  heading  ^ 'Check  experiment." 

These  experiments  are  to  be  understood  as  duplicating  those  of 
1902,  which,  as  regards  the  relative  yield  of  light  and  heavy  wheat, 
should  be  accurate,  although  tried  in  1903.  The  difference  between 
this  check  experiment  and  the  regular  one  of  1903  is  that  in  the 
check  experiment  the  seed  of  the  crop  of  1901  was  used,  while  in  the 
regular  experiment  in  1903  the  seed  of  the  crop  of  1902  was  used. 


Table  13. — Crops  grown  from  light  and  from  htavy  seed  for  four  years. 


SEED. 


Farm 
num- 
ber. 


78 

79 

80 

81 

383 

384 

385 

386 


Variety. 


Turkish  Red 

do 

Big  Frame  .. 

do 

Turkish  Red . 

do 

Big  Frame . . 

do 

Turkish  Red . 
do 


Big  Frame 
do 


957    Turkish  Red, 

»56 do 

9.52    Big  Frame . . 
953  I do 


CHECK  EXPERIMENT. 


Percentage  of- 


Total       Proteid 
nitrogen,  nitrogen. 


Non- 


Weight  of 
1,000  ker- 
nels. 


proteid      ,„J?„i!:„v 
iStrogen.,    (g™ms) 


Turkish  Red 
do 


2.45 
2.20 
3.12 
3.02 
3.13 
2.95 


2.00  I 
1.96  I 
3.10  ' 
2.93  , 
2.82  1 
2.65 


0.45 
.24 
.02 
.09 
.31 
.30 


Proteid 
nitrogen 
in  1.000 
kernels 
(gram). 


Relative 
weight. 


17.24 
30.63 
15. 57 
28.56 
27.11 
28.47 
27.11 
28.09 


3.33 
3.06 
2.88 


2.87 
2.86 
2.63 


25 


0.3120 
.5606 
.8401 
.8350 
.7642 
.7446 


Light. 

Heavj'. 

Light. 

Ueavy. 

Light. 

Heavy. 

Light. 

Heavy. 

Light. 

Heavy. 

Light. 

Heavy. 


.46    Light 

.20   Heavy. 


Light. 

Heavy. 

Big  Frame I Light 

do i '  Heavy. 


Light. 
Heavy. 


I 
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Table  13. — Crops  grown  from  light  and  from  heavy  seed  for  four  gears — Continued. 

CROP. 


bushel 

8). 

Percentage  of— 

5^ 
£S 

—  c 

HE 

mm   ^^ 

•c§E 

b> 

Farm  num 
seed. 

Variety. 

II 

23.0 

u.'O 

5C        , 

*^ 

o 
3.20 

i2 
c 

S 

O  C 

c  a 

45.54 

c  ■ — 

s 
c 

a 
> 

78 

Turkish  Red 

3.09 

0.11 

1900 

rs> 

79 

do 

29.5 

3.08 

2.»1 

.14 

52.04 

25.  io 

6.73T9 

19(» 

«  9V 

80 

Big  Frame 

20.5 

3.13 

3.06 

.07 

37,63 

liwo 

HOb 

81 

...  .do 

25.1 

2.81 

2.50 

.22 

39.01 

24.84 

.6423 

jyoc» 

y.b 

383 

Turkish  Red 

26.7 

60.5 

2.35 

2.13 

.22 

34.12 

26.19 

.5581 

1901 

61^ 

384 

do 

29.3 

61.5 

2.11 

1.94 

.17 

ai.ii 

27.04 

.5238 

]«)l 

€13 

385 

Big  Frame 

21.2 

58.0 

3.30 

3.06 

.24 

38.92 

23.89 

.7409 

1901 

«e 

386 

...   .do 

27.7 

60.5 

2.46 

2.24 

.22 

37.22 

28.82 

.&451 

1901 

es 

Turkish  Red 

19.7 

57.0 

2.15 

2.14 

.01 

25.29 

1902 

621 

do 

18.0 

58.0 

1.98 

1.87 

.11 

20.30 

19l>J 

tl4 

Big  Frame 

Losi. 

3.54 

3.32 

.22 

19..% 

.6494 

19Q2 

6L4 

....do 

Lost. 

2.44 

2.21 

.23 

36.41 

.5837 

1902 

611 

ft')? 

Turkish  Red 

do 

25.6 
21.3 

3.51 
2.18 

53.91 
27.86 

i2.12 
23. 13 

.7754 
.5f>42 

1903 
1903 

1240 

9% 

........ 

1:39 

052 

Big  Frame 

2.'>..S 

j 

2.14 

33.13 

19.  S2 

.4241 

19(Ki 

lie 

953 

do 

CHECK  EXPERIMENT. 

20.8 

1 

1.98 

24.71 

23.26 

.4605 

Iftft} 

l:4^ 

Turkish  Red 

do 

Bi»r  Frame 

30.9 
31.8 
23.9 

t 

1.95 
1.64 
1.79 

36.34 
31.29 
25.67 

190^ 

ISOi 
190. 

1245 

1 

124^ 

T^*-"* 

do 

24.2 

1 

I 

1.62 

23.52 

....... 

1 

IMlC 

M'K 

i 

Comparing  the  anah'ses  of  the  light  and  heavy  seed  in  tliis  table 
with  those  in  the  preceding  tables,  it  will  be  noticed  that  the  total 
and  proteid  nitrogen  are  both  iiniformly^  higher  in  the  light  seed. 
The  nonproteid  nitrogen  is  not  so  uniform  as  in  the  previous  analyses, 
but  the  general  tendency  is  the  same. 

In  the  crop  the  high  total  and  proteid  nitrogen  of  the  light  seed  is 
imiformly  transmitted.  There'  is  no  imiformity  in  the  nonproteid 
nitrogen.  As  was  to  be  expected,  the  heavy  seed  produced  in  the 
first  two  years  the  largest  ^^elds  per  acre.  The  quality  of  light  or 
heavy  weight  as  indicated  in  the  resulting  crop  by  weight  of  grain 
per  bushel  gave  some  indication  of  being  transmitted.  In  1900 
there  was  an  absence  of  data  on  the  subject,  but  in  1901  the  heavy 
seed  in  each  case  produced  grain  having  a  greater  weight  per  bushel 
than  did  the  light  seed. 

Turning  to  the  column  showing  the  absolute  amount  of  prot*»id 
nitrogen  produced  per  acre,  it  is  ver^^  apparent  that  the  heav^^  seed 
produced  in  1900  considerably  larger  amounts  of  proteid  nitrogen 
per  acre  than  did  the  light  seed,  but  in  1901  the  difference  was  very 
slightly  in  favor  of  the  light  wheat,  which  advantage  continued 
with  the  light  wheat  during  the  remaining  j'eai's. 


It  would  seem  from  these  results  that  the  quality  of  lightness, 
til  its  correlated  qualities  of  high  total  and  proteid  nitrogen,  is 
reditarj".  The  question  then  arises,  Why  should  the  light  wheat 
cumulate  more  nitrogen  per  acre  than  the  heavy  wheat  after  the 
st  generation? 

j\  possible  explanation  for  this  is  that  the  light  seed  from  the  first 
Herat  ion  contained  kernels  whose  lightness  was  due  in  some  cases 
immaturity,  and  in  other  casesr  to  the  individual  peculiarity  of  the 
ant  on  which  they  grew.  The  latter  class  transmitted  this  pecul- 
rity  in  the  crop,  while  the  former  became  less  conspicuous  with 
tch  generation,  on  account  of  the  lesser  vitality  and  productiveness 
•  the  immature  seed. 

A  peculiar  feature  of  these  results  is  found  in  the  fact  that  the 
ield  of  grain  from  the  light  seed  approaches  each  succeeding  year 
lore  nearly  in  quantity  to  that  obtained  from  the  heavy  seed  until,- 
L  1903,  it  becomes  greater.  These  two  qualities  of  seed  were 
i^ised  on  plots  side  by  side,  and  every  precaution  was  taken  to  obtain 
n  accurate  estimate  of  the  yield  of  each.  While  it  is  probal)le  that 
be  results  for  1903  are  misleading,  it  is  certainly  significant  that  so 
Lttle  difference  in  yield  exists  after  three  years'  selection  in  this  way. 
nstead  of  the  difference  between  the  light  and  heavy  seed  becoming 
;reater  each  year  it  is  without  doubt  becoming  less. 

In  considering  the  relative  yields  of  the  light  and  heavy  wheat,  it 
nust  be  borne  in  mind  that  the  seeding  was  done  with  a  drill  set  to 
leliver  IJ  bushels  per  acre  of  ordinary  seed  wheat.  The  result 
Aould  be  to  deposit  a  larger  number  of  kernels  of  light  seed  per  acre 
than  of  heavv  seed.  In  a  season  like  that  of  1903,  when  the  rainfall 
was  large  and  the  weather  moderately  cool  until  harvest,  there 
might  be  an  advantage  resulting  from  the  thicker  seeding,  which 
may  account  for  the  greater  yield  from  the  light  seed  in  that  year. 
It  is  possible  that  the  same  cause  may  have  operated  in  other 
years  to  increase  the  yields  from  the  light  seed,  but  it  is  not  likely 
that  it  produced  a  very  marked  effect,  because  the  seeding  was  a  large 
one  for  Nebraska,  and,  the  wheat  being  sown  in  the  early  fall,  there 
was  abundant  opportunity  for  it  to  stool,  and  thus  equalize  the  stand. 
It  has  never  been  observed  that  there  was  anv  dilFcTence  between 
the  plots  in  this  respect. 

Taking,  together,  the  results  of  1902,  which  show  a  decieas^^  in 
the  weight  of  the  kernels  on  a  single  head  as  the  content  of  j)roteid 
nitrogen  increases,  the  results  of  1903,  which  show  a  slight  decrease 
in  the  weight  of  the  kernels  from  the  plant,  accompanying  an  increase 
in  the  percentage  of  proteid  nitrogen,  and  the  yields  of  the  light  and 
heav}^  seed  for  the  four  years  beginning  with  1900,  there  would 
appear  to  be  a  slight  decrease  in  yield  of  grain,  accompanying  an 
increase  in  the  percentage  of  proteid  nitrogen.     This  loss  in  yield  is 
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not  sufficient  to  counteract  the  increase  in  nitrogen,  and  the  resul 
is  to  increase  the  production  of  proteids  per  acre. 

Viewed  in  the  Ught  of  these  various  experiments,  the  selection  < 
large,  heavy  wheat  kernels  for  seed  does  not  appear  to  be  altogetfaf 
unobjectionable,  as  in  this  case  it  resulted  in  a  decreased  production  i 
proteids  per  acre,  without  a  compensating  increase  in  the  yield  of  grail 
when  continued  for  a  number  of  vears.  On  the  other  hand,  the  sel« 
tion  of  the  small,  light  seed  is  hardly  to  be  recommended.  In  fad 
selection  based  upon  kernel  size  or  weight  is  not  a  satisfactory  metbo 
for  permanently  improving  wheat.  The  individual  plant  should  li 
taken  as  the  basis  for  selection,  and  very  large  numbers  should  b 
handled.  The  figures  in  Table  8  show  what  great  opportunity  thej 
is  for  securing  not  only  kernels  of  high  nitrogen  cont-ent,  but  ab 
plants  giving  at  the  same  time  an  increased  yield  of  grain  and  abuu 
dant  production  of  proteids.  If  the  average  nitrogen  content  aq 
yield  of  grain  by  plants  be  observed  in  this  table,  it  will  be  sea 
that  numerous  plants  may  be  selected  that  have  not  only  a  nitrogei 
content  above  the  average,  but  also  a  greater  yield  of  grain.  YThili 
therefore,  it  is  probable  that  improvement  in  yield  of  grain  can  no 
be  effected  so  rapidly  where  it  is  combined  with  improvement  ii 
nitrogen  content  as  if  the  latter  were  neglected,  yet  present  yield 
of  wheat  in  Nebraska  can  be  increased  at  the  same  time  that  th 
production  of  proteids  is  augmented. 

METHOD  FOB  SELECTION  TO  INCKEASE  THE  aUANTITT   OF 

PBOTEIDS  IN  THE  KERNEL. 

The  following  tables  show  the  results  of  analyses  of  a  total  d 
forty-eight  spikes  of  w^heat.  In  the  case  of  each  spike  one  row  ol 
spikelets,  for  instance,  row  No.  .1,  was  analyzed,  and  the  other  ro^i 
of  spikelets,  wliich  would  then  be  row  No.  2,  was  analyzed  sepa- 
rately. In  the  case  of  the  set  of  spikes  forming  Table  14  the  tota 
organic  nitrogen  was  determined  in  both  lots,  and  in  ihe^  set  com- 
prised b}^  Table  15  the  proteid  nitrogen  w^as  determined.  The  last 
column  shows  the  difference  betw^een  the  nitrogen  content  of  the  twfl 
rows  of  kernels. 


14. — ATUuyses  oj  tweray-jive  spi/ces  oj  wneai^  snowing  tneir  total  organic  nitrogen. 


X.^^r  of  spike. 


'  Percentage  of  total  organic 
I  nitrogen. 


Row  1.   ,   Row  2. 


Differ- 
ence. 


3.14 

3.32 

0.18 

2.97 

3.15 

.18 

2.89 

2.99 ; 

.10 

2.99 

3.21 

.22 

2.80 

2.82 

.07 

2.  S2 

2.81 

.01 

2.50 

•       2.76 

.26 

3.13 

3.11 

.02 

3.11 

3.18  i 

.07 

2.76 

2.8() 

.04 

2.85 

2.79 

.06 

3.2H 

3.07 

.19 

2.94 

3.07 

.13 

3.45 

3.67  ; 

.22 

Number  of  spike. 


Percentage  of  total  organic 
nitrogen. 


Row  1.       Row  2. 


18... '  2.83  ,  2.79 

22 2.78  I  2.76 

'23 2.94  3.03 

24 2.98  2.89 

44 3.00  3.08 

45 2.84  2.67 

46 3.03  2.90 

47 2.65  2.79 

48 2.62  2.W 

49 3.02  3.18 

50 3.02  2.80 

Average 


Differ- 
ence. 


0.04 
.02 
.09 
.09 
.08 
.17 
.13 
.14 
.22 
.16 
.22 


.12 


15. — Analyses  of  twenty-three  spikes  of  wheat,  showing  their  percentage  of  proteid 

nitroqen. 


\im^3er  of  spike. 


Percentage  of  proteid 
nitrogen. 


Number  of  spike. 


Percentage  of  proteid 
nitrogen. 


Row  1.       Row  2. 


Differ- 
ence. 


Row  1. 


2.90 
2.97 
2.68 
2.54 
2.42 
2.42 
3.01 

2.35 

^ 2.72 

,1 1  2.49 

2.92 

1 2.60 

\ 3.41 

I 


3.12 
2.86 
2.79 


2. 
2. 
2. 


76 
53 
50 


0.22 
.11 
.11 
.22 
.11 
.OS 


2.91 

.10 

2.71 

.36 

2.75 

.03 

2.44 

.05 

3.09 

.17 

2.48 

.12 

3.37 

.04 

34 
I  35. 
36. 
37. 
38. 
39. 
40. 
41. 
42. 
43. 


2.8() 
2.33 
88 

.43 
15 

.46 
2.45 
2.73 
3.42 
2.47 


2. 
2. 
3. 
3. 


Average . 


2.77 


Row  2. 

Differ- 

ence. 

3.02 

0.16 

2.  .52 

.19 

2.85 

.03 

2.45 

.02 

3. 14 

.01 

3.34 

.12 

2.59 

.14 

2.68 

.05 

3.61 

.19 

2.57 

.07 

2.82 

.11 

It  will  readily  be  seen  that  the  analyses  of  the  rows  agree  very 
jlosely,  the  extreme  difference  being  0.22  per  cent,  and  the  average 
iifference  being  0.12  per  cent,  in  the  total  nitrogen.  If,  therefore, 
)iie  row  of  spikelets  were  to  be  used  for  seed  and  the  other  were 
3tnalyzed,  it  is  quite  evident  that  a  very  accurate  estimate  of  tlie 
aitrogen  content  of  the  kernels  used  for  seed  would  be  obtained.  In 
the  determination  of  proteid  nitrogen  there  is  an  extreme  difference 
of  0.36  per  cent  in  one  case,  but  in  the  main  the  differences  are  small. 
As  will  be  shown  later,  the  variation  in  the  proteid  nitrogen  content 
of  individual  plants  is  so  great  that  even  this  maximum  difference 
would  cause  no  confusion  when  selecting  plants  for  reproduction. 

It  is  very  desirable  to  have  for  analysis  a  larger  sample  than  can 
be  obtained  from  one  spike.  It  has  therefore  been  attempted  to 
ascertain  whether  a  sample  consisting  of  one-half  the  whole  number 
of  spikes  on  a  plant  would  afford  a  fair  estimate  of  the  composition 
of  the  other  kernels  on  the  remainder  of  the  spikes.  The  plants 
whose   spikes  were   analyzed  were   grown   in  liills  5  inches  apart 


1 


78 


IMPROVING    THE   QUALITY    OF   WHEAT. 


each  way,  with  one  seed  in  each  hill.  Each  plant  was  harvesie: 
separately  and  the  spikes  from  each  placed  in  a  separate  envdopt 
The  following  table  gives  the  results,  lot  1  in  each  case  being  co3h 
posed  of  the  kernels  from  one-half  the  number  of  spikes  on  a  plaat. 
and  lot  2  of  kernels  from  the  remaining  spikes. 

Table  16. — Analyses  of  twenty-one  pianis,  showing  total  nitrogen  and  proteid  ni/roooL 


Percentage  of  total  nitrogen. 

Percentage  of  proteid 
nitrogen. 

Number  of  plant. 

_ 

— 

Lot  1. 

Lot  2. 

Differ- 

Lot 1. 

Lot  2. 

Differ-   , 

2.65 

ence. 
0.26 

2.51 

2.69 

ence. 

1 

1 

2.91 

O.IS    , 

2 

3.01 
3.01 
2.82 
3.06 
2.94 

3.02 
2.83 
3.10 
2.97 
2.56 

.01 
.24 
.28 
.09 
.38 

2.77 
2.99 
2.63 
2.92 
2.51 

2.76 
2.57 
2.83 
2.70 
2-42 

.01     ' 

3 

.12 

4 

.20 

5 

1           .22    ! 

6 

.09 

7 

2.K4 

3.03 

.19 

2.66 

2.86 

.20    , 

9 

3.21 

3.05 

.16 

2.83 

2.84 

.01 

10 

2.98 

2.87 

.11 

2.59 

2.70 

.11 

11 

2.59 

2.66 

.07 

2.34 

2.57 

.23    , 

12 

2.81 
3.47 
2.61 
2.54 

2.62 
3.62 
2.54 
2.46 

.19 
.15 
.07 
.08 

2.59 
3.04 
2.44 
2.25 

2.52 
3.35 
2.42 
2.29 

.07    ' 

13 

.31 

14 

.02 

15 

.04 

16 

2.71 

2.87 

.16 

2.25 

2.71 

.46 

17 

2.85 

3.01 

.16 

2.73 

2.75 

.02 

18 

2.99 

3.13 

.14 

2.85 

2.91 

.06 

19 

2.78 

2.77 

.01 

2.61 

2.33 

.28    ! 

20 

2.78 

2.80 

.02 

2.60 

2.57 

.03 

21 

2.79 

2.71 

.08 

2.51 

2.48 

.03 

Average. 

....-•.... 

.14 

.13 

9 

The  above  table  shows  a  maximum  difference  of  0.38  per  cent  in 
the  content  of  total  nitrogen  of  the  two  lots  of  spikes  from  one  plant, 
and  of  0.46  per  cent  in  the  content  of  proteid  nitrogen.  The  aTe^ 
age  difference  is  only  0.14  per  cent  and  0.13  per  cent,  respectivelj. 

These  tables  give  unmistakable  evidences  that  the  average  com- 
position of  a  spike  of  wheat  may  be  judged  from  the  analysis  of  4 
row  of  its  spikelets,  and  that  the  average  composition  of  all  of  the 
spikes  of  a  wheat  plant  is  shown  by  an  analysis  of  one-half  the  num- 
ber. In  practice  it  is  better  to  take  as  the  sample  for  analysis  one 
row  of  spikelets  from  each  spike,  and  the  remaining  row  of  spikelets 
from  each  spike  for  planting. 

In  order  to  ascertain  what  variation  occurs  between  the  sevenl 
spikes  on  a  single  wheat  plant,  analyses  were  made  of  each  spike 
from  a  number  of  plants.  On  some  plants  thete  were  more  spiktf 
than  on  others,  but  every  spike  on  each  plant  was  analyzed.  In  thf 
following  tabulation  of  these  analyses  the  percentage  of  prote^ 
nitrogen  is  stated. 


17. — Arudyses  of  spikes  of  wheat ,  showing  difference  in  proieid  nitrogen. 


Spike. 


Percentage  oi  proteid  nitrogen. 


Plant  23.   Plant  24.    Plant  25.    Plant  26.    Plant  27.    Plant  29 


1 

2.33 

2 

2.fi9 

3 

2.37 

4 

2.36 

5 

2.15 

« 

2.31 

7 - 

2.09 

8 

2.71 

9 

2.32 

10 

2.37 

A  .ICiUIr  tTKt 

M.    laiAli  ^Klm 

2.46 

2.31 

2.73 

2.36 

2.35 

2.47 

2.11 

2.59 

2.19 

2.35 

2.21 

2.39 

2.  ."a 

2.39 

2.fiO 

2.M 

2.83 

2.73 
3.02 
2.80 
2.60 
2.53 
2.37 
2.72 
2.37 
2.61 
2.45 


3.22 
3.24 
3.02 
3.31 


Maximum 

Average 

Minimum 

Greatest  dif- 
ference   


2.69 
2.37 
2.09 

.60 


2.73 
2.37 
2.11 

.62 


2.83 
2.48 
2.31 

.52 


3.02 
2.62 
2.37 

.65 


3.31 
3.20 
3.02 

.29 


2.38 
2.  to 
3.03 
3.00 
2.34 
2.71 
2.21 


2.».0 
2.30 


3.03 
2.57 
2.21 

.82 


These  results  show  that  there  may  be  large  diflFerences  between 
le  proteid  nitrogen  content  of  spikes  on  the  same  plant.  They  do 
ot,  however,  indicate  that  the  determination  of  the  average  com- 
osition  of  the  kernels  on  a  plant  is  not  a  safe  guide  for  selecting 
^reeding  stock.  If  the  plant  is  the  unit  in  reproduction,  whether  the 
Jant  reproduces  itself  from  one  seed  or  another  does  not  affect  its 
lereditary  qualities  in  very  marked  degree. 

It  is  evident,  from  a  comparison  of  the  variations  that  occur  in  the 
somposition  of  the  spikes  from  a  single  plant,  and  of  the  kernels  on  a 
ringle  spike,  that  it  is  impossible  to  do  more  than  obtain  a  reasonably 
close  estimate  of  the  composition  of  the  kernels  either  on  a  part  or  on 
the  whole  of  a  plant.  It  therefore  becomes  desirable  to  obtain  as 
closely  as  possible  the  average  composition  of  the  unit  of  reproduction. 
If  the  plant  as  a  whole,  and  not  any  particular  part,  is  this  unit,  the 
average  composition  of  all  of  the  kernels  on  the  plant  is  a  much  safer 
guide  as  a  basis  for  selection  than  is  the  average  composition  of  the 
kernels  of  any  part  of  it.  One  row  of  spikelets  from  each  spike 
should  therefore  give  the  best  sample  for  analysis. 

In  Table  18  is  given  a  statement  of  the  percentage  of  proteid 

nitrogen  in  the  dry  matter  of  the  kernels  on  a  row  of  spikelets  of  800 

spikes  of  wheat  of  the  Turkish  Red  variety.     These  spikes  were  taken 

from  a  field  of  wheat,  and  were  selected  with  reference  to  length  of 

head,  plumpness  of  kernel,  uprightness  of  straw,  freedom  from  rust,. 

etc.     They  are  therefore  not  spikes  in  which  high  nitrogen  content  is 

likely  to  be  due  to  immaturity  or  arrested  development.''     Variations 

in  the  nitrogen  content  of  different  plants  may  in  some  degree  be  due 

to  a  larger  or  smaller  supply  of  available  nitrogen,  although  all  were 

taken  from  the  same  field.     Variations  due  to  cRmate  are,  of  course, 

precluded,  as  all  grew  during  the  same  season. 


fl  In  practice  undeveloped  kernels  are  discarded. 


Table  18. — Variations  in  content  of  proteids — Continued. 


Percentage  of— 

Record 
number. 

Percentage  of—     | 

Record 
number. 

Percentage  of— 

<.ecord 
uxxiber. 

Proteld 
nitrogen 
In  water- 

Iree 
material. 

• 

Protelds 
(proteid 
N.X5.7). 

Proteid 
nitrogen 
In  water- 
free      J 
material. 

Proteids 
(proteid 
N.X5.7).  I 

1 

Proteid 
nitrogt>n 
in  water- 
free 
material. 

Proteids 
(proteid 
N.x  5.7). 

» 

3.11 

17.73  1 

309 

3.74 

3.15  , 

2.99 

3.48 

3.52 

3.16 

2.75 

3.35 

3.42 

2.01 

2.86 

2.98 

3.42 

2.54 

3.42 

3.18 

3.45 

21.36 
18.01 
17.07 
19.88 
20.11 
18.03 
15.68 
19.13 
19.54 
11.50 
16.33 
17.00 
19.54 
14.53 
19.54 
18.16 
19.70 

386 

387 

388 

2.52 
2.73 
3.05 
2.95 
3.22 
3.26 
2.93 
2.70 
2.77 
2.98 
2.28 

15.07 

( 

3.31 
3.23 

3.65 
3.18 
4.87 

18.92 
18.43 
20.82 
18.17 
27.79 

310 

15.59 

fc_ 

1  311 

17.41 

">. 

1  312 

389 

16.87 

5 

313 

390 

18.36 

7. 

,  314 

391 

18.60 

8_. 

2.69  1          15.38 
*          2. 59             14. 77 

315 

392 

16.74 

o_       

;  316 

393 

15.41 

o 

3.52 

1          2.76 

'          2.96 

3.47 

!          3.30 

3.64 

3.75 

3.50 

•    3.64 

20.12 
15.75 
16.89 
19.78 
18.83 
20.77 
21.39 
19.95 
20.78 

1  317 ' 

304 

395 

396 

15.81 

1  . 

318 

16.99 

^2 

319 

13.02 

13 

3*20 

397 

t4 

321 

398 

lo 

i  322 

399 

400 

401 

402 

4a3 

404 

405 

406 

407 

408 

409 

410 

411 

412 

413       

3.09 
3.35 
3.36 
2.32 
3.ft3 
3.30 
3.75 
2.43 
3.79 
3.63 
3.59 
3.26 
3.15 
3.63 
3.77 

:          3.13 
2.44 
3.2:3 
3.79 
3.05 

1          2.85 
3. 73 
2.  .).3 
3.5;} 
3.14 
2.61 
3.2*J 

'          3.08 
3.06 
2.59 
3.03 
2.81 
3.20 
3.00 

3. 12 
2. 85 
3.53 
2. 88 
3.12 
2.66 
2. 98 
2. 35 
2.93 
3.22 
2.50 
2.37 
2.37 
3.75 
2.  S6 

3. 13 
2.76 
3.61 
2.92 
3.17 
.3.15 
3.14 
2.62 
2.71 
3.14 
3. 18 
2.60 
3.91 

2.39" 

17.66 

to 

■  323 

19.12 

324 

19.20 

4H 

325 

13.26 

4y 

3.21             18.32 
3.11  ;          17.76 
3.46             19.73 
2.54             14.52 
3.63            20.71 

326 

17.31 

SO 

327 

3.44 
3.60 
2.87 
2.61 

19.64  1 
20.55 
16.39  ' 
14.93 

18.83 

151 

328 

21.43 

j.>2 

329 

13.90 

553 

330 

21.63 

sr>4 

331 

20.74 

133 

3.02             17.26 
3.31             18.88 

332 

2.57 
3.25 
2.61 
2.81 
3.35 
2.88 
4.95 
3.33 
2.73 
2.97 
2.60 
2.50 
2.a3 
2.5.) 
2.55 
2.44 
2.87 
2.65 
2.63 
3.31 
3.04 
3.10 
2.72 
2.83 
2.91 
2.36 
2.33 
2.97 
2.88 
2.94 
.3.03 
3. 49 
2.91 

3. 49 
3. 16 
3.37 
3.06 
3.33 
S.W 
2.98 
3. 30 

2.m 

i          3. 15 
3. 40 

2. 50 
3. 46 
2.71 
3.m> 
2. 35 
3. 45 
3.22 
2.  Wi 
3.55 
3.79 

i4.68 

18. 56 

14.92 

15.70 

19.11 

16.45 

28.23 

19.01  : 

15.61 

16.94 

14.82 

14.27  j 

16.71  1 
14.57 
14.55 
13.92 
16.39 
15.18 
15.03 

18.  W 
17.38 

17.72  f 
15. 53 
16.18 
16.61 
13.47 
13.60 
16.95  ' 
16.45 
16.77 
17.28 

19.  S9 
16. 62 
19.94 
18. 04 
19. 23 
17.47 
19.02 
17.64 
17.0-1 
18.  M 
16. 33 
17.97 
19. 89 
14.76 
19.76 
15. 65 
17.64 
13.42 
19.67 
18.40 
16.  88 
20. 26 
21.62 

20.47 

256 

333 

18.63 

257 

334 

17.95 

25« 

3.  .37  <           19.24 

335 

20.70 

259 

3.84 
1.93 
3.49 
3.19 

21.89 
11.03 
19.92 
18.21 

336 

21.51 

260 

337 

414 

415.         .   .. 

17. 89 

261 

338 

13.93 

262 

339 

416 

417 

418 

419 

420 

18.44 

263 

3.24  ,          18.48 
3.36  i          19.20 
3.29             18.80 
3. 10             17. 70 
3.18  i          18.18 

4.10  '          23.39 
3.20             18.29 
3.36             19.19 
3.39  .          19.34 
3.13             17.88 
3. 39             19. 78 
3. 5t)            20. 34 
3.32             18.96 
3.15             17.95 
2.85  :          16.26 

3.11  17.77 
3.78            21.60 

3.70  21.10 
3.26             18.60 
3.01             17.19 
3.85             22.00 

3.71  21.20 
3.87             22.07 

3.55  20.26 
3.  S6             22. 04 
2. 82             16. 09 
2.52             14.40 
4.00             22.81 
2.23             12.73 
4.15             2:i.68 
2.63             15.04 

2.56  14.60 
.'          3.05             17.41 

3.93            22.44 
1.99             11.35 

340 

21.65 

264 

341 

17.39 

265 

342 

16.28 

266 

343 

21.27 

267 

344 

421 

1          14.45 

26** 

345 

422 

'          20.12 

269     .... 

346 

423 

17.90 

270 

347 

424 

,          14. 93 

271 

348 

425 

18.81 

272 

349 

,  426 

427 

428 

429. 

17.60 

273 

3:)0 

17.46 

274 

351 

14.80 

275     .... 

352 

1          17. 31 

276 

353 

4;iO 

16.06 

277 

i  3.V1 

4:il 

18. 25 

278     .... 

1    o«K>. ...,.-., 

432 

17.11 

279 

3.')6 

433 

17.80 

280 

357 

4.34 

435 

16.28 

281 

358 

20.14 

2S2 

28.'} 

359 

36(> 

436 

4:J7 

438 

439.     . 

16.44 
17.82 

2S4 

361 

362 

3(« 

15.20 

2S.> 

16.99 

2S6 

440 

441 

442 

44.3 

444 

445 

13.  44 

•2H7 

364 

16. 72 

2SH       .   . 

365     .    .. 

17  08 

2K<) 

3W5 

367 

3as 

14.  ;-:o 

290 

291 

13.  .56 
1           13.51 

292 

293 

369 

370 

446 

447 

448 

440 

21.37 
16.  .33 

ZM 

371 

16.67 

29.) 

372 

15.  76 

29« 

373 

4rj0 

20.  62 

297 

298 

374 

375 

451 

452 

16.t>8 
18  07 

299 

3.67  20.  W 

3.06  17.49 
3.08             17.61 

2.68  15.28 

! 2.'23 12.74 

3.07  17.52 
2.50             14.30 

376 

377 

1  4.'>.'^ 

17. '.'6 

300 

454 

1     4.M 

17.92 

301 

378 

14  95 

302 

379 

3S0 

45(i 

15.  47 

303 

457 

17. 92 

304 

381 

1  458 

is.  20 

305 

382 

!  459. 

14.  S4 

306 

3S.3 

■  460 

461 

.  462 

22.2<J 

.307 

WH 

97S 

3.19 
2.84 

IftQ V/. 

18.20 
16. 22 

7«     n% 

3X4 

3S,i 

i3.'64 

I  nitrop'n     ProUldi 


<70 

if, 

P 

2.80 

ior, 

2.38 

1::::;;;;; 

|;;;;;;;:; 

2.-r! 

iiifi::::::::: 

la 

■^■<- 

Urn 

^^ 

1-1 

wr 

5:^1 

?[-; 

J!.-,;;;;;;;;; 

18.12      SI7.. 
17. «      «IM... 

7. SI 
11.98 
11. « 
15.  i« 


1S.W  I 
l«.78  i 

17.13  : 


IS  20 

I7!44     MM... 


Table  18. — Variailons  in  content  ofproteids — Continued. 


Percentage  of— 

Proteid 

nitrogen    Protelds 
in  Writer-    (proteid 
free        N.  x5.7). 
material 

2.15            12.23 
2.92            16.69 

Record 
number. 

!      Percentage  of— 

1 

t 
i 

Record 
number. 

1 

766 

76, 

768 

769 

7;o 

771 

772 

773.   . 

Percentage  of— 

.^eoord 
uni  K>er 

,  Proteid 
nitrogen 
in  water- 

f  ee 
material. 

2.09 
3. 18 
2.41 
2.06 
2.76 
2.09 
2.29 
1.61 
2.01 
2.85 
1.87 
1.75 
3. 57 
2.63 
1.97 
2.98 
1.77 

2.  79 
1.83 
2.29 
2.22 
3.48 

•3.48 
1.33 
3.55 
2.43 
2. 30 
2. 14 
1.67 
2.14 

3.  72 
2.47 
2. 93 
2.02 
2.18 
2.20 

1                ; 

Protelds 

(proteid 

N.  •-  5.7). 

Proteid 

nitrogen 

In  water- 

1      free 

material. 

Proteids 
(proteid 
N.  \  5.7). 

»- .... 

» 

» .... 

7  0 

7:n 

7  2 

11.92 
18.18 
13.78 
11.77 
15.  73 
11.96 
13. 09  ' 

9.20  1 
11.44 
16. 26 
10.71 

9.99 
20.36 
15.02 
11.23 
16.99 
10.10 
15. 95 
10.44 
13.06 
12.  66  . 
19.  85 
19.87 

7.53 
20.29 
13. 90 
13. 15 
12.24 

9.54 
12. 25  I 
21.21  ' 
14.12 
16.72 
11.56 
12.47 
12. 57 

2.87 

2.22 

2.45 

2.37 

1.37 

1.62  1 

2.00  1 

1.73 

2.32 

1.88 

2.28 

2.80 

1.98 

2.35 

2.85 

2.79 

2.64 

2.81 

1.92 

2.25 

3.29 

2.95 

2.13 

2.20 

2.86 

3.02 

2.16 

2.32 

2.82 

2.48 

2.45 

2.20 

2.95 

2.  IS 

2.02 

IC.  41 
12.69 
13. 98 

• 

[ 

2.11 
3.03 
2.64 
4.10 
2.51 
2.27 
2.33 
2.43 
2.48 
1.87 
3.07 
2.12 
1.87 
2.10 
2.  OS 
2.61 
2.20 
2.16 
3.23 
2.77 
2.38 
3.14 
2.16 
1.80 
2.14 
2.16 
2.18 
2.04 
2.32 
2.19 
1.79 
2.49 
2.92 

12.07 
17.29 
15. 09 
23.42 
14.33 
12.96 
n.  34 
13.94 
14.18 
10.69 
17. 52 
12.09 
10.67 
12.00 
11.87 
14.88 
12.  58 
12.32 
18.44 
15.81 
13.61 
17.91 
12. 35 
10.29 
12.22 
12.  36 
12.  43 
11.67 
13. 26 
12.  52 
10.23 
14.22 
16.46 

7.V< 

7  4 

7>5 

7:'.G 

7.v: 

7.i^ 

13.51 
7.86 
9.27 

11.42 
9.87 

> 

774 

'  775 

13.26 

« 

739 

10.76 

1 

S 

-».... 

740 

741 

742 

745 

744 

745 

746 

747 

74N 

1  776 

777 

!  778 

779 

13.03 
16.02 
11.33 
13.40 

> 

0 

1 

? 

7?0 

,  781 

7^2 

78:' 

7S4 

7*^5 

7S0 

787 

7S8 

789 

16.29 
15.94 
15.09 
16.02 
10  96 

p 

4 

5 

6 

7. 

741> 

750 

751 

7.J2 

75'^ 

12.88 
18.  75 
16.82 
12.  17 
12.57 

S 

I? 

754 

755 

790 

791 

792 

79'? 

16.  r2 
17.22 

>0 

?I 

75C 

75' 

12.36 
13.24 

^^ 

75S 

750 

794 

16.  11 

■>\ 

795 

14  15 

24 

7m 

761 

762 

76' 

764 

705 

700 

14.00 

W 

797 

12  56 

3i'i 

798 

16.  f-2 

'>- 

799 

12.  48 

J<00 

11.57 

29 

It  will  be  noticed  that  there  is  a  very  large  range  of  variation  in 
the  proteid  nitrogen  content  of  these  wheats,  runnirp^  from  1.12  to 
4.95  per  cent.  By  referring  to  Table  8,  it  will  be  seen  that  an  equally 
large  variation  occurred  between  the  plants  when  the  whole  plant 
was  sampled.  In  the  351  analyses  the  nitrogen  ranges  from  1.20  to 
5.85  per  cent.  This  is  due  in  the  main  to  the  ability  of  the  plant 
to  gather  nitrogen  from  the  soil.  In  no  one  of  the  experiments  to 
ascertain  the  effect  of  nitrogenous  manures  on  the  composition  of 
wheat  has  there  been  an  increase  of  more  than  a  few  tenths  of  1  per 
cent,  even  when  the  nitrogenous  fertilizer  was  added  to  an  exhausted 
soil.  It  is,  therefore,  not  likely  that  such  large  variation  in  nitrogen 
content  could  be  due  to  irregularities  in  the  supply  of  soil  nitrogen. 
If  this  ability  of  the  plant  to  store  up  a  large  amount  of  nitrogen  in 
the  kernel  is  hereditary,  as  results  given  later  indicate,  there  is  ample 
onportunity  to  develop  by  selection  a  strain  of  wheat  of  liigh  nitrogen 
content. 


84  IMPROVING   THE    QUALITY    OF    WHEAT. 

A   BASIS    FOB    SELECTION    TO    INCREASE    THE     aT7ANTITY    OF 
PBOTEIDS  IN  THE  ENDOSPERM  OF  THE  KEBNEX.. 

AVhite  bread  flour,  which  constitutes  the  major  portion  of  the 
wheat  flour  consumed  in  this  country,  is  derived  entirelv  from  the 
endosperm  of  the  wheat  kernel.  The  portions  of  the  kernel  Doi 
entering  into  the  flour  are  the  germ  and  the  seed  coat,  attached  to 
each  of  which  discarded  constituents  are  portions  of  the  endosj^erm. 
The  larger  part  of  the  aleurone  layer  either  adheres  to  the  hull  and 
constitutes  the  "bran"  of  commerce,  or  appears  in  the  product 
known  as  "shorts/'  and  sometimes  in  low-grade  flour. 

As  it  is  the  flour  in  which  it  is  desired  to  increase  the  nitrogen, 
and  as  the  flour  consists  entirely  of  the  endospenn,  it  becomes  desir- 
able to  have  some  way  to  determine  the  nitrogen  content  of  the 
endosperm  alone  and  to  select  for  reproduction  plants  possessing  a 
large  aniovmt  of  nitrogen  in  this  portion  of  the  kernel. 

It  is  a  question  how  this  can  best  be  done.  A  determination  of 
gluten  by  the  ordinary  method  of  washing,  to  carry  off  the  starch 
and  fiber  while  the  gluten  is  being  worked  in  the  hand,  is  not  well 
adapted  for  use  with  the  small  quantities  of  wheat  obtainable  from 
a  single  plant.  This  also  has  the  disadvantage  that  it  gives  no 
indication  as  to  the  quality  of  the  gluten. 

Determinations  of  gliadin  and  glutenin  promise  to  be  of  some  help 
in  affording  a  basis  for  selection  from  individual  plants.  It  h*s 
been  shown  by  Osborne  and  Voorhees  ^  that  the  gluten  of  wheat  t 
composed  of  gliadin  and  glutenin.  It  does  not  necessarily  follow, 
however,  that  the  sum  of  these  two  substances  is  a  measure  of  tht* 
gluten  content  of  the  sample  analyzed.  Osborne  and  Campbell* 
have  stated  that  the  embrvo  of  the  wheat  kernel  does  not  contain 
either  gliadin  or  glutenin.  This  being  the  case,  the  sum  of  the 
gliadin  and  glutenin  would  represent  these  proteids  in  the  endosperm, 
with,  perhaps,  a  small  amount  in  the  hull. 

A  recent  investi^ration  bvNasmith''  leads  him  to  conclude  that 
gliadin  exists  in  all  portions  of  the  endosperm,  including  the  aleu- 
rone layer,  but  that  glutenin  is  contained  onlj'  in  the  starch-bearing 
portion  of  the  endosperm.  A  determination  of  glutenin  may,  there- 
fore, give  an  indication  of  the  gluten  content  of  the  wheat. 

Table  19  shows  the  percentage  of  proteid  nitrogen,  the  sum  uf 
the  gliadin  and  glutenin  nitrogen,  the  amounts  in  grams  of  proteid 
and  of  gliadin-plus-glutenin  nitrogen  in  the  average  kernel,  and  the 
grams  of  proteid  and  of  gliadin-plus-glutenin  nitrogen  in  all  of  the 
kernels  on  each  plant.     The  plants  are  grouped  into  those  ha>'ing 

"  Anicrican  Chem.  Jour.,  1893,  pp.  392-471. 

'Connecticut  Experiment  Station  Report,  1899,  p.  305. 

^^Trans.  Canad.  Inst.,  7  (1S03),  Univ.  Toronto  Studies,  Physiol.  Ser.  (1903).  Xo.  4, 
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-Tom  1  to  2  per  cent  proteid  nitrogen,  those  having  2  to  2.5  per  cent 
-^roteid  nitrogen,  etc.  Table  20  gives  the  averages  for  each  of  the 
groups  in  Table  19. 

m 

Table  19. — Relation  of  gliadin-pius-glutenin  nitrogen  to  proteid  nitrogen. 
1  TO  2  PER  CENT  PROTEID  NITROGEN. 


Percentage    ' 
of— 

;  (Jiiu- 

Pro-  !  .'i!- 

Num- 
ber of 
ker- 
nels. 

.    Weight  (in 
Proteid 

grams)  of  - 

I 

Record  number. 

(Jlindin- 
plus-gln- 

teid 

glll- 

tenin 
nitro- 

Ker- 

.\verape 
kernel. 

nitr(>- 

gluten  in 

iiiir«');t.-ii 

tenin  ni- 

nitro- 
gen. 

nels. 

geii  in 
kernels. 

nitro- 
gen in 
kernels. 

in  aver- 
Hge  ker- 
nel. 

trogen  in   1 
averuee 
kernel. 

1.89 

gen. 
1.56 

342 

.5.6864 

0. 0166.3 

0. 10747 

0.0003142 

.V>.307 

0.08871 

0. 0002594 

Krm-> 

LSI 

1.77 

729 

15.  TKi.-) 

.0216.5 

.  '2<m 

. 27937 

.0003919 

.  (XX)3,S32 

81705 

1.98 

1.96 

465 

9.7922 

.021  (Mi 

.  I9:ivs 

.  19193 

.(X)04170 

.0(X)4r28     ' 

Average . . 

1.89 

1.76 

I  TO  2. 
0,19 

512 
5  PER 

10.4207       .01978       .  ia->6s       .  1.S667 

CKNT  PROTEID  NITROOEN. 
1.7216  '  0.02049     0.03718     0.00327 

.  0003744 
0. 0004427 

.0003518 

• 

■     21212 

2.16 

84 

0.0000^89 

272a5 

2.41 

1.70 

891 

16.4061 

.01841 

.  .mvfl* 

.  27890 

.  0(XM437 

.00031.30 

27206 

2.36 

1.46 

777 

19. 18.54 

.02469 

. 45276 

.*.»«)  10 

.  000,5.V27 

.  (KX)30O5 

27.T05 

2.12 

1.65 

539 

12.  (Km 

.0218.3 

. 24942 

.19866 

. 0004627 

.  (X1O3602 

33107 

2. 35 

2.12 

318 

6.1026 

.01919 

. 14341 

.  1264:? 

.  0004510 

.0(X)416.3 

I     33«K 

2.  .39 

1.92 

301 

7.0596 

.0234.5 

. 16872 

.13554 

.000.56(X5 

. 0004502 

3920ri 

2.11 

1.84 

1,031 

21..539<) 

.020.S?» 

.  4;543.5 

..39(V3,5 

.0004407  , 

.0003844 

48106 

2.38 

1.80 

60H 

11.66.55 

.01919 

.277(i,5 

.20997 

.0004.5(r 

.00034,54 

48409 

2.02 

1..50 

314 

6. 4302 

.02048 

. 129S9 

.09645 

.00041.37 

.  0003072 

55309 

2.48 

1.97  , 

167 

2.5160 

.01.507 

.06240 

.  04957 

.0003736 

.0002969 

55908 

2.42 

1.96 

.562 

12. 2210 

.0217,5 

.  2*».57.5 

.  239,53 

.  0005*262 

.0004263 

5.5009 

2.30 
2.42 
2.34 
2.21 
2.41 
2.28 
2.09 
2.30 
2.34 
2.41 

1.66 
1.95 
1.83  ' 
■2.05 
1.68 
1.81 
1.95 
2.a5 
.64 
1.64 

302 
509 
462 
3^ 
544 
373 
583 
464 
786 
287 

9.2120 

9.3093 

10. 9073 

12.0728 

9.8298 

7.oa5i 

11.7066 
9.6451 

18.  :{614 
7.  .399.3 

10.5874 
CENT  P 

.03050 
.01829 
.02;J61 
.03177 
.01807 
.01878 
.0200S 
.  02079 

.  02:r.6 

.02.578 

.  21 1S7       .  152<»2 
.•22.52*)       .181.5;? 
.2.V)22       .1««0 
.  26(i80       .  24750 
.23<)90       .16514 
.  1.5971        .  12680 
.  2446H       .  22828 
.2l'lN4       .19772 
.42t«»M       .11750 
.178W       .121.35 

.24272       .17872 

NITROGEN. 

0.00212     0.06793 
.27443       .18.328 

.0007016 
.  0004420 
.  000.5524 
.0007021 
.0(X)4;?5.5 
.0004282 
.0004197 
.(K)04781 
.00(1.5466 
.0006213 

.  00(M»)9l 

0. 0005652 
.0(KW181 

.0005063 
.  (XX);V.66 

.  0(x>4;«i 

.  00(».513 
.0003036 
.00O't»9 
.0003916 

56206 

56207 

57508 

65306 

65307 

65308 

74606 

.  0004262 

81707 

.0(X)1495 

81708 

.  0004228 

Average.. 

2.30 

2. 

2.78 
2.77 

1.68 
5  TO  3 

489.6 
PKR 

.02173 

.  000.'J6.52 

ROTE  I  r 

0.020  {,3 
.  022.H2 

20706 

2.0") 

1.8.) 

163 
444 

3.  .3138 
9. 9070 

0.0(X)4U>8 

20707 

.  0004*222 

20710 

2.83 

2.00 

867 

17.1115 

.  01974 

. 4S42^ 

.34222 

.  (KKX5.5S<} 

.  000.3948 

21207 

2.96 

.17 

118 

2.  .•»66 

.019.V) 

.0(kS()4 

.  003<)2 

.  0(K).57(t6 

.  0(XXU32 

213a'> 

2.67 

1.97 

313 

6.2514 

.02004 

. 16091 

.  12;U5 

.  o(X),5:j5;j 

.  000;W48 

21306 

2.90 

.97 

226 

4. 1516 

.018.37 

. 12039 

.04027 

.  0005,327 

.0001782 

21805 

2.69 

.23 

1,2.32 

20.9290 

.010'J9 

.  .562<.)<) 

.04704 

.  oooirm 

. 0000391 

21807 

2. 73 

2.11 

377 

9.4172 

.0249.S 

.  2,5709 

. 19S70 

.0(XXi664 

.  000.5271 

21808 

2.57 

1.96 

1, 1.56 

19.  7446 

.01708 

.  .50744 

.  ,38700 

.  0004.389 

.  0(X),'W48 

21809 

2.73 

2.18 

418 

8.0214 

.01919 

.2isns 

. 17487 

.  00O52.3S 

.(XXM1S3 

21901 

2.04 

2.18 

791 

14.3111 

.OlNOf* 

.,37781 

.31198 

.  (XXM777 

.  (XX)  3944 

2220.'. 

2.81 

1.97 

28.3 

2. 696.5 

.  009.53 

.  07.577 

.05312 

.  0(X>2<)77 

.00()!.s77 

22207 

2.77 

1.82 

169 

3.  2787 

.OllMO 

.  09(ts2 

.  05<H)7 

.(X)!K5;74 

.(XKJ.VU 

2e9a5 

2.76 

2.09 

326 

0.4102 

.OUH'K) 

. 17092 

.  i:i.39S 

.  0(X>:v|27 

.(K)!MI(X» 

26906 

2.71 

1.82 

228 

4. 2.376 

.01S.59 

.IMM 

.07712 

.  (XXKV)  ;7 

.(HX)S;>\3 

26908 

2.96 

2.16 

192 

3. 9797 

.02(J73 

.117S0 

.  Ovj'.H) 

.(XXX)  135 

.(XNUI78 

26909 

2.M) 

1.88 

180 

2.  {m¥.) 

.oior)7 

.  (^4(H) 

.  O5()10 

.  (XXM007 

.(XX);  1.34 

270a5 

2. 6.3 

l.(K) 

866 

16.4120 

.0189.5 

.nioi 

.311S2 

.(XX)19S1 

.  (XX)  i(i(X) 

27207 

2.92 

1.9,'i 

nw 

3. 32<Hi 

.02(XU 

.0'.)7r_' 

.0C4^7 

.(X)0.\v5() 

.(XX)3<K)s 

2730) 

2.  .>S 

1.73 

267 

5.  .')<»«•)<> 

Ar2{>r, 

.  i4.if;2 

. JKMWiO 

.(XX).5i79 

.0(X),':(X)7 

27307 

2.  .>3 

.82 

167 

3.  av.V) 

.0M7 

.  07Mr) 

.  02.5:U) 

.(X)()|074 

.(XX)  1.5 1.5 

27.506 

2.70 

l.OS 

44-1 

10.  (¥).)') 

.  022.52 

.27(N)3 

.  19M)() 

.(KVHlJKJ 

.  0(XH  1.50 

27.7)8 

2.M 

2.  :"2 

2.51 

5. .-.  L'i 

.022.S7 

.14»X»S 

.  12.<r> 

.(HXX1037 

.  (X)0.5  (.6 

27500 

2.W 

1.00 

243 

5.:)615 

.02206 

.  1.5.>19 

.0>S44 

.OIXXJ.399 

,  000*2405 
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19. — Relation  of  gtiadin-'piua-glutenin  nitrogen  to  proieid  nitrogen — C/ontinued. 
3  TO  3.5  PER  CENT  PROTEID  NITROGEN-Continued. 


Percentage 
of- 


.^eeord.  number. 


Pro- 

teicl 

nitnv 

gen. 


Glia- 
din- 
pius- 
plii- 
tenin 
nitro- 
gen. 


4K705 3.13  1.56 

4S706 3.00  .71 

S50a'. '  3.05  I  1.99 

55O06 3.16  I  1.75 

5550K 3.11  1.96 

57905 3.  IS  *  2. 92 

5Sa07 ■  3.0'J  2.49 

5S70o I  3.01  ;  2.47 


Average 


3.16 


X  um- 
ber of 
ker- 
nels. 


264 
379 
393 
451 
216 
221 
:i07 
2C) 


1.95  299. 


Ker- 
nels. 


4. 3615 
6.  19S.3 
9684 
1852 
7407 
4731 
2207 


2. 5436 
5. 5S17 


Weight  (in  grams)  of- 


I 


'Average 
kernel. 


Proteid 
nitro- 
gen in 

kernels. 


0.01652 
.  01635 
.02028 
.  01593 
. 01732 
.01118 
.01375 
.01082 

.01817 


0 


13&52 
. 18596 
.  24.303 
. 22705 
. 1 1636 
.  07859 
.  1.3042 
.07656 


17602 


GUadin-' 
[Alls-    ' 

glutenin 
nitro- 
gen in 

liemela. 


Proteid 
nitrogen 
in  aver- 
age ker- 
nel. 


0. 


06^^04 
04401 
1.5S.57 
ri>74 
07.332 
07221 
10510 
062H3 


0.00a5171 
.0004906 
.0006185 
.000.5034 

.oaivise 

.()00]5.-)6 
. 0004248 
.  000;J258 


Gliadin- 
plus-glu- 
tenin  ni- 
trogen in 
average 
kernel. 


0. 0002.')77 
.0001161 
. 0004a36 
.  0(X)2788 
.  00a3,395 
.  000.3264 
.  0003424 
. 0002673 


10S89     .00a')741 


0003516 


3.5  TO  4  PER  CENT  PROTEID  NITROGEN. 


17"i06 

1S9(V) 

21M1 

1      2100S 

I      26107 

;      liSTibo 

i     422a") 

1     4.T()a5 

4a%5 

66006 


Average 


3.  .52 
3.81 
3.75 
.3.82 
3.92 
3.61 
3.63 
3.58 
3.66 
3.54 


2.23 
1.54 
2.16  . 
l.SS 
1..35 
1.77  , 
2.73  I 
1..36 
1.76  I 
1.38 


103 
567 
173 
144 
563 
94 
235 
1.37 
366 


2.2881 
1.4864 

11.9114 
3.  .5574 
2. 0  K)0 

12.  lOHS 
1.8494 
.3.2^4  J 
1.91.54 
6.00IK) 


3.68       1.82     247.5       4.6399 


0.02460 
.01443 
.02101 
.02a56 
.01416 
.022.52 
.01%7 
.01376 
.01.398 
.01642 


0. 0044 
.a56^W 
.44666 
.1.3589 
. 07993 
. 43713 
.06713 
.11575 
.07010 
. 21272 


0.05102 
.0*315 
.  25728 
.06688 
.  02753 
.21432 
.  0.'>049 
.  04i98 
.0«71 
.0>«292 


O.OOO.'tefiO  I 
.00tt->49S 
.  0007877 
.  00078,5.) 
.0[K).>.V)1 
. 0007764 
.0007142 
. 0004"27 
.00a'>117 
.000,5^12 


0. 000.')4S6 
.  00(W218 
.  00045:J8 

.  ooam'is 

.C(KH912 
.000*986 
.  G0a5370 
.0001871 
.0002460 
.0002266 


01811       .17024       .aS613     .0006620  1     .0003.506 


4  TO  4  5  PER  CENT  PROTEID  NITROGEN. 


21*^12 1  4. 

21813 1  4. 

21909 1  4. 

344a5 4. 

55007 4. 

76206 4. 


Average 


26 

2.02 

983 

04 

2.14 

216 

43 

1.98 

.525 

33 

2.44 

207 

21 

2.21 

118 

45 

2.03 

447 

14.8137 
4.02.58 

12.  1819 
4. 1-281 
2.1.571 
.5.4411 


0. 


01507 
01877 
02317 
01994 
01828 
01217 


0.63107 
.  16.377 
..538J«9 
. 17875 
.09a82 
. 24213 


4.29   2.14    416   7.  12:J0   .01790 


30757 


0.29934 
.08615 
.29846 
. 10073 
.04767 
.11046 


0 


0006420 
.0007582 
.0010265 
.  00086.35 
.0007696 
.0005417 


15714  .0007669 


0 


0003044 
.0004017 
.00056^ 
.0004865 
.0004040 
.0002471 


,0004019 


MORE  THAN  4.5  PER  CENT  PROTEID  NITROGEN. 


21206 '  5.23 

21210 5.03 

40205 4.69 

48406 !  4.87 

608a5 5. 82 

72607 6..59 

92306 4.93 


Average 


0.22 
1.34 
.3.07 
2.25 
1.94 
2.51 
4.06 


149 
237 
194 
249 
110 
188 
347 


2. 8564 
3.9143 
3. 6302 
.3.2964 
2.4420 
3.  4442 
6.0091 


I 


0.01917 
.01577 
.01871 
.01324 
.02220 
.018,32 
.01732 


5.16  2.198  210.6   3.6561 


0. 


149.)9 
196S9 
17(J26 
16053 
14213 
19253 
29625 


0. 00628 
.  a5245 
.11145 
.08168 
.  04738 
.  aS645 
.24397 


01782  I  .  18685 


iO.  0010026 
.  0007934 
.0008776 
.0006447 
.0012921 
.0010241 

,  .00a8539 


,08995 


.0009269 


0.0000422 
.0002113 
.0005744 
.0002979 
.0004307 
.  0004598 
.  0007032 


,000,3885 


■olpfr-    Num- 


i    nnil    \irr  7  IS      J  >0     210  6      3  Sofil        01  «        !-■«■         (M«j      ««"*■         liL'„*« 

The  figures  iii  Table  20  show  that  while  ^liadiii-pliis  glut^nin  nitro- 
gen increases  with  proteid  nitrogen  it  does  not  do  so  in  the  lutnie  r»ti(>. 
the  increase  in  proteid  nitrogen  being  due  in  large  measure  to  ui 
increase  in  other  proteids. 

The  same  analyses  are  tabulated  in  Table  21  according  to  the 
increase  in  gliadin-plusglutenin  nitrogen,  and  the  averages  for  each 
group  are  stated  in  Tal»le  22.  In  the  latter  table  the  increase  in 
])roteid  nitrogen  does  not  keep  pace  with  the  increase  in  gliadin-plus- 
ghitenin  nitrogen,  there  being  1.74  per  cent  other  proteid  nitrogen  in 
the  first  group  and  1.25  per  cent  in  the  last. 

It  thus  becomes  evident  that  a  determination  of  proteid  nitrogen  in 
the  kernel  is  not  an  accurate  guide  to  the  content  of  gliadin  plus 
ghitenin,  and  that  a  direct  determination  of  these  substances  is 
necessary. 

It  is,  furthermore,  apparent  that  a  determination  of  gUadin-plus- 
ghitenin  nitrogen  will  permit  of  the  selection  of  kernels  having  a 
large  percentage  of  these  substances. 

Table  21 . — Relation  af  proltiil  nilra^en  to  gHadin-plut-gluteain  nitrogen. 
nLiAr)is-i'i,i's-(ir,i'TKN[N  nitrogen,  i  to  i.s  per  cknt. 


GlUdln      prnWM      OliJidLn-       Frol«d 


""■'■   'trogeolni  ""Jjfj;-    gen  In 


o.iMm  ^  0.000211.1    I 

!m99S        iottrjiw 


I 


SELECTION   TO  INCBEA8E   PBOTEIDS   IN   ENDOSPERM. 


89 


Table  21 . — Rdation  of  proteid  nitrogen  to  gliadin-jHiLS-glutenin  nitrogen — Continued. 
OLIADIN-PLUS-GLUTENIN  NITROGEN,  1.5  TO  2  PER  CENT. 


Record  num- 
ber. 


8905. 
0707. 
1305. 
1806. 
1908. 
1909. 
2205. 
2207. 
2210. 
2211. 
6906. 
6009. 
7006. 
7205. 
7207. 
7305. 
7S0S. 
7506. 
8805. 
8806. 
3605. 
8505. 
8606. 
9305. 
8106. 
8305. 
8409. 
8505. 
8705. 
5005. 
5006. 
£008. 
6206. 
5305. 
5307. 
5506. 
6605. 
6905. 
6607. 
6906. 
6909. 
6205. 
6206. 
6207. 
6206. 
7407. 
7406. 
7507. 
5306. 
5307. 
5308. 
98a5. 
0305. 
Il7a5. 
1708. 


Percent 

Age  of— 

Ntim- 
ber  of 
ker- 
nels. 

1 

Weight  (in 
OUadin- 

grams)  ol 

Proteid 
nitrogen 
in  ker- 
nels. 

0.05663 

r- 

Oliadiri- 

Gliadin- 

Proteid 

plus- 

Proteid  1 

Average 
kernel. 

phis-glu- 

plus-glute- 

nitrogen 

glute- 
nin  ni- 

nitro- 
gen. 

Kernels. 

tenin  ni- 
trogen in 

nin  nitro- 
gen in  aver- 

m aver- 
age ker- 

trogen. 

3.81  1 

103 

0.01443 

kernels. 

age  kernel. 
0.0003218 

nel. 

1.54 

1.4864 

0.03315 

0.0005498 

1.85 

2.77 

444 

9.9070 

.02282 

.18328 

.27443 

.0004222 

.0006181 

1.97 

2.67 

312 

6.2514 

.020M 

.12315 

.16691 

.0003948 

.0005350 

1.96 

2.57 

1,156 

19.7446 

.01708 

.38700 

.50744 

.0003348 

.0004389 

1.88 

3.82  1 

173 

3.5574 

.02056 

.06688 

.13589 

.00039.55 

.0007855 

1.98 

4.43 

525 

12. 1819 

.02317 

.29844) 

.53889 

.00a5677 

.0010265 

1.97 

2.81 

283 

2.6965 

.00953 

.05312 

.07577 

.0001877 

.0002677 

1.82 

2.77 

169 

3.2787 

.01940 

.a5967 

.09082 

.0003531 

.0005376 

1.55 

3.17 

298 

6.0173 

.02019 

.09327 

. 19075 

.0003129 

.0006401 

1.69 

3.17  1 

561 

11.5675 

.02062 

.19548 

.36671 

.000348.5 

.0(106537 

1.82 

2.71 

228 

4.2376 

.01859 

.07712 
.05640 

.114JW 

.0003383 

.0005037 

1.88 

2.80  1 

180 

2.9999 

.01667 

.08400 

.0003134 

.0004667 

1.90 

2.63 

866 

16.4120 

.01895 

.31182 

.43164 

.0003f00 

.0004984 

1.70 

2.41 

891 

16.4061 

.01841 

.27890 

.39539 

.0003130 

.0004437 

1.95 

2.92 

166 

3.3266 

.02004 

.06487 

.09712 

.00a3908 

.0005850 

1.73 

2.58 

267 

5.5666 

.02085 

.09630 

.14362 

.0003607 

.0005379 

1.65 

2.12 

539 

12.0399 

.02183 

.19866 

.24942 

.0003602 

.0004627 

1.98 

2.70 

444 

10.0005 

.02252 

.19800 

.27003 

.0004459 

.0006082 

1.5.5 

2.91 

87 

2.1851 

.02572 

.03887 

.06359 

.0003894 

.0007309 

1.86 

3.02 

685 

14.4630 

.02111 

.2^.901 

.43679 

.0003926 

.0006376 

1.92 

2.39 

301 

7.a'i06 

.02345 

.13554 

.16872 

.0001502 

.0005605 

1.77 

3.61 

563 

12.1088 

.02252 

.21432 

.43713 

.0003986 

.0007764 

1.73 

2.82 

158 

3.0228 

.01913 

.05229 

.08522 

.0003309 

.0005394 

1.84 

2.11  1 

1,031 

21.5399 

.02089 

.39(^35 

.45435 

.0003844 

.0004407 

1.80 

2.38 

608 

11.6655 

.01919 

.20997 

.277a5 

.0003451 

.0004567 

1.77 

2.87  , 

473 

12.0278 

.02543 

.21289 

.34524 

.0004501 

.0007299 

1.50 

2.02 

314 

6.4302 

.02018 

.09645 

.12989 

.0003072 

.0004137 

1.76 

3.66  , 

137 

1.9154 

.01398 

.03371 

.07010 

.00024(0 

.0005117 

1.56 

3.13  1 

264 

4.3615 

.01652 

.068(M 

. 13652 

.0002.577 

.0005171 

1.99 

3.05 

393 

7.9684 

.02028 

.15857 

.24303 

.0004036 

.0006185 

1.75 

3.16 

451 

7. 1852 

.01593 

.12574 

.22705 

.0002788 

.0005034 

1.58 

2.60 

944 

17.4226 

.01846 

.27528 

.45299 

.0002917 

.0004799 

1.87 

2.57  1 

578 

11.3592 

.01965 

.21241 

.29079 

.0003(575 

.00a5O31 

1.97 

2.48  , 

167 

2.5160 

.01.507 

.(M957 

.06240 

.  000291  iO 

.0003736 

1.56 

1.89 

342 

5.6864 

.01663 

.08871 

. 10747 

.0002599 

.0003142 

1.96 

3.11 

216 

3.7407 

.01732 

.07332 

.1163(i 

.0003395 

.0005386 

1.96 

2.64  , 

500 

10.9180 

.02184 

.21400 

.28823 

.00(M281 

.0005765 

1.75 

2.67 

331 

6.7948 

.01751 

. 10141 

.15470 

.0003064 

.0004674 

1.61 

2.59 

749 

19.3966 

.02590 

.31229 

.50238 

.0004170 

.0006707 

1.96 

2.42 

562 

12.2210 

.02175 

.23953 

.29575 

.00042(:3 

.C005262 

1.66 

2.30 

302 

9.2120 

.03050 

.15292 

.21187 

.00050r3 

.0007016 

1.85 

2.51  1 

333 

6.5232 

.01959 

.12068 

.16373 

.0003624 

.0004917 

1.95 

2.42 

509 

9.3093 

.01829 

.18153 

.22529 

.0003566 

.0004426 

1.83 

2.34  1 

462 

10.9073 

.03361 

.19960 

.26522 

.0004321 

.0005524 

1.95 

2.61  ' 

563 

13.5720 

.02356 

.26465 

.34616 

.0004594 

.0006149 

1.86 

2.62 

762 

14.9992 

.01968 

.27808 

.39297 

.0003660 

.0005157 

1.64 

2.61  1 

596 

12.2004 

.02047 

.20008 

.31842 

.0003357 

.0005343 

1.55 

2.85  i 

359 

6.9861 

.01946 

.10828 

.19905 

.0003016 

.0005545 

1.68 

2.41 

544 

9.8298 

.01807 

. 16514 

.23690 

.0003036 

.0004355 

1.81 

2.28  , 

373 

7.0051 

.01878 

.12680 

.15971 

.0003399 

.0004282 

1.95 

2.09  ' 

583 

11.7066 

.02008 

.22828 

.24468 

.0003916 

.0004197 

1.94 

5.82  I 

110 

2.4420 

.02220 

.04738 

. 14213 

.00(M307 

.0002921 

1.76 

1.81 

729 

15. 7835 

.02165 

.27937 

.285<i9 

.0003832 

.0003919 

1.96 

1.98  1 

465 

9.7922 

.02106 

.19193 

.19388 

.0004128 

.0004170 

1.64 

2.41 

287 

7.3993 

.02578 

.12135 

.17833 

.0004228 

.0006213 

Average 


1.80 


2.76  442.5 


9.0243 


.02016 


. 16392 


,23801 


.0003653 


,00a5538 


OLIADIN-PLUS-GLUTENIN  NITROGEN,  2  TO  2  5  PER  CENT. 


7506 

0706 

0709 

0710 

0805 

11208 

11807 

fl809...., 
11811..... 

ri812 

11813 

U905 


2.23 
2.a5 
2. 31 
2.00 
2.26 


15 
11 
18 
16 
2.02 
2.14 
2.18 


3.52 
2.78 
3.a5 
2.&3 
3.  .32 
3.24 
2.73 
2.73 
3. 75 
4.26 
4.04 
2.64 


93 
163 
258 
867 
697 
287 
377 
418 
567 
983  ' 
216 
791 


5 
17 


2.2881 
3. 3138 
3229 
1115 


14.6942 
5. 1594 
9.  4172 
8. 0214 

11.9114 

14. 8139 
4.0258 

14.3111 


7J  I 


0. 024ri0 
.020« 
.02063 
.01974 
.02157 
.01798 
.02498 
.01919 
.02101 
.01507 
.01877 
.01809 


0.05102 
.  06793 
.12296 
..34222 
.3.3208 
.11093 
. 19870 
.17487 
.25728 
.299.34 
.  08615 
.31198 


0. 0X044 
.09212 
.  16235 
.48428 
.48784 
. 16712 
.2.5709 
. 21898 
.44666 
.63107 
.  16.377 
.37781 


0.0005486 
.0004168 
.0004766 
. 0003048 
.0004875 
.0Oa3W6 
.0005271 
.0004183 
.0004,538 
.000.3044 
.0004017 

.ooajoM 


0. 00086f 0 
.  00tt56.52 
.00062f2 
.000.55^6 
.000691!9 
.0005824 
.0006664 
. 0005238 
.0007877 
.0006420 
.0007582 
,0004777 
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Table  21. — Relation  of  proUid  nitrogen  to  gliadin-plus^luienin  nitrogen — ConUniied. 
GLIADIN-PLUS-GLUTENIN  NITROGEN,  2  TO  2.5  PER  CENT— Continned. 


Peix»nt 

Gliadin- 
plus- 
glute- 
nin  ni- 
trogen. 

ageof- 

1 
Num- 
ber of 
ker- 
nels. 

408 
158 
146 
US 
222 
.326  1 
192 
251 
219 
318 
150 
136 
207 
309 
19;} 
67 
170 
478 
157 
249 
556 
118 
866 
,t04 
336 
644  , 
872  ' 
950 
168 
135  1 
180  1 
{WO 
307 
235 
l.loS 
165  , 
370 
464 
447 
722 

Weight  (in 

Glifldin- 
plus-glu- 
tenin  ni- 
trogen in 
kernels. 

grams)  of— 

Record  num- 
ber. 

Proteid 
nitro- 
gen. 

3. 18  . 

3. 35 

3.22 

3.10 

3.00 

2.76 

2.96 

2.64 

3.07 

2.35 

3.41 

3.22 

4. :« 

2.96 

2.9;i 

2.93 

2  S2 

2.54 

3.29 

4.87 

3.20 

4.21 

2.80 

2.63 

2.73 

2.57 

2.96 

2.  .59 

2.65 

2. 75 

2.80 

2.21 

.3.09 

3.01 

2.74 

2.79 

2.63 

2.30 

4.45 

2.71 

1 

Kernels. 

1 

Average 
kernel. 

0.02.563 
.01851 
.01720 
.01619 
.01748 
.01966 
.02073 
.02287 
.01996 
.01919 
.02090 
.02125 
.01994 
.01987 
.01710 
.02869 
02444 
.01756 
.01692 
.01324 
.01701 
.01828 
.02062 
.01949 
.01709 
.01866 
.01658 
.01664 
.01746 
.01846 
.015.34 
.03177 
.01375 
.01082 
.01999 
.02001 
.02073 
.02079 
.01217 
.021.32 

Proteid 
nitrogen 
in  ker- 
nels. 

0.33403 
.09798 
.0*086 
.06071 
.lli*92 
.17692 
.117S0 
.14608 
. 13415 
.14341 
.10689 
.00.307 
. 17875 
.18173 
.09670 
.a5631 
.11716 
.21319 
.08742 
.16053 
.30267 
.09082 
.49995 
.2.5S34 
.1.5679 
.30S.S1 
.42792 
.40945 
.04164 
.06KM 
.07733 
.266S0 
.13042 
.07656 
.&3422 
.09208 
.20170 
.22184 
.24213 
.41715 

GlUdin- 
pluF-ghite- 
nin  nitrf>- 
gen  in  aver- 
age kernel. 

0.0U033S2 

.OOOffWO 

.arKioo 

.  001H47.'* 

.0O0i5;5r« 

.  (XXM  v« 
.0lX>4!63 
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.000  4t*M 
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.0)01042 
.0000896 
.OIK>1210 
.0003677 
.00n:{649 

.0006513  1 

.00LrM24  ; 

.0003673 

.0OIH21S 

.OOiM^E 

.0004519 

.00a4*2r!2 

.0002471 

.UII0432S 

Prr.t  -.1 

mtn-GiX 

ap-  ir-T- 

2lW>fi 

21'M)7 

2.10 
2. 15 
2.11 
2.14 
2.2.N 
2.09 
2.  16 
2. 32 
2.42 
2.12 
2.41 
2  45 
2  44  . 
2.29  1 
2. 10 
2.  tX) 
2.19 
2.  OS 
2  13 
2.25 
2.17 
2. 21 
2. 20 
2  07 
2. 12 
2.  OJ 
2  2  J 
2.21 
2.09 
2.13 
2.34 
2.05 
2.  49 
2.47 
2.11 
2.20 
2.  IS 
2.05  1 
2.0  J 
2.0  J 

2.  IS 

GLIAD 

2.73 
2.6S    , 
2  02 
2.51     ' 
2.65 

2.69S 

10.4800 

2.9248 
2. 5712 
1.9090 
3.8811 
6.4102 
3.9797 
5. 5.324 
4.;J698 
6.1026 
3. 1346 
2.8902 
4.1281 
6.1394 
3.:«)04 
1.9218 
4.1546 
8.3935 
2. 6571 
3.2964 
9.4.585 
2. 1571 
17.8506 
9.8-22S 
5.7431 
12. 0161 
14.  4.556 
15. 8086 
1.5364 
2.  4923 
2. 7616 
12. 0728 
4.2207 

2.54:« 

23. 1471 
3.3006 
7.6690 
9.6451 
5.4411 

15.3928 

O.220a8  1 
.06288  1 
.a>425 
.04084 
.08849 
.13;»S 
.08.596 
.12835 
.  10575 
.12643 
.07.554 
.070.81  , 
.10073  ] 
.14060 
.06931 
.01959 
.09099 
.  174.5S 
.05660 
.08168 
.20525 
.04767 
..39272  i 
.2033;} 
.0;i503 
.05~6S 
.10553 
.349:J7 
.03211 
.05.309 
.06462 
.24750 
.10510 
.0628;} 
.48839 
.07261 
.16714 
.19772 
.11046 
.31248 

ecwMv 

222Uti 

2'220S 

2f>MJH 

2«j'.Hr) 

26;K)S 

.oo(».ir; 

27.')0S 

2n2()6 

33107 

;j;i.m'i 

.  fiirijs 

3.3607 

.  i:m».s* 

34405 

.axi^~o 

3<305 

.37707 

3{*'m 

40.')a=> 

46107 

4s;«)6 

4>4<K) 

4K")06 

.Vi007 

ri.VKh; 

.'>.Vi<)7 

.'•,rii()5 

.OEttK* 

.^ifHCXi 

.  i.0.w7«S 

.%H)7 

.♦J»)4'«" 

r,rt2<)9 

.ooMn-i 

/)7<X)7 

.a»«r4 

.57406 

O  /  •Mil).  ••...«.•.. 

57r)0s 

5^207 

5S705 

.axics 

.5S.sa"> 

at>:»»i 

6:^106 

6(.()05 

74r)06 

76206 

.UXiMSl 
.0UD4TM 
.000641: 

81706 

.0005^ 

Average . . . 

3.  OS 

IN-PLl 

3. 63 
2.  .87 
3.18 
5.59 
2.94 

380.1 

\S-GLr 

04 
270 
221 

188 
146 

183.8 

7.2520         .01935 

TENIN  NITROGE 

1.8494  !    0.01967 
4.8988         .01814 
2.4731  ,       .01118 
3.4442  '       .018^2 
2.8327         .01940 

.14641 
:N.  2.5  TO 

.215:« 

.OOMfkv-^ 

! 

.onisc? 

*- 

3  PER  C 

0.06713 
.14060 
.07859 
. 19253 
.as.328 

.11243 

^EXT. 

42205 

0.050049 
.13126 
.07221 
.0S645 
.7507 

O.00a.'i37O 
.OOiUsfii 

.000  2«4 

'       .  a«  --Vis 

.00lt5l4l 

o.au7ti3 

57S().">                .   . 

.fttro"^ 

72607 

81505 

.«w  V*: 

Average . . . 

3.64 

3.0696 

.01734 

.08310 

.O0OH>47 

.CM«oXJ 

GLIADIN-PLUS-GLUTENIN  NITROGEN,  3  PER  CENT  AND  OVER. 


4()2(X5 

92. 06 

....        3.07' 
....        4.06  , 

4. 60 
4.03 

194 

;}4" 

3.6302 
6.0091 

1 

0.01871 
.01732 

0. 11145 
.24397 

0.17026 
.29625 

I 


o.ooa'5744    aono^r* 


Average...       'S.^\  ,      4.81     270.5 
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.01801 
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,23325 


,0006388  ,     .On.»*w} 
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ii-js    22. — Summary  of  analyses,  shmving  relation   cf  proieid  nitrogen  to  gliajdin-pl^:s- 

glutenin  nitrogen. 


Percentage  i    Number 
of—        i        of— 


JL^aneeof 
i^^ccnlage  of 
a  aa^lin-plus- 
1.  «.itonin  ni- 
trogen. 


Glia- 
din-    p 

P*"-  nitro- 


tenin 
nitro- 
gen. 


gen. 


C.O  1.5 

1.34 

3.08 

fi     to  2 

1.80 

2.76 

^<->  2.5 

2.18 

3.08 

.S    to  3 

2.70 

3.64 

^Kid  over 

3.56 

4.81 

An- 
aly- 
ses. 


15 

55 

52 

5 

2 


Ker- 
nels. 


3.33 
'442. 5 
:^0. 1 

i8;j.8 

270.5 


Weight  (in  grams)  of 


Kernels. 


Average 

kernel 


6.6228 
9. 024:1 
7. 2.'i20 
3. 06% 
4.8196 


0.01939 
.02016 
.01935 
.01734 
.01801 


C.liadin- 
plus-glu- 
tenin  ni- 
trogen 
in  ker- 
nels. 


0. 09198 
. 16392 
. 14641 
.08310 
. 17771 


Proteii 
nitrogen 
in  ker- 
nels. 


0. 18748 
.2:i801 
.21535 
.11243 
. 23325 


Gliadin- 
plus-glute- 
nin  nitro- 
gen in 
average 
kernel. 


0. 0002545 
.  0003653 
.0004063 
.0004647 
.0006388 


Protcid 
nitrogen 
in  aver- 
age ker- 
nel. 


0. 00()5843 
.  000:)538 
.000:>S72 

.  (xm-Mo 

.000S657 


IMPKOVEMENT  IN  THE  aUALITY  OF  THE  GLUTEN. 

It  is  well  known  that  large  differences  exist  in  the  bread-making 
ra.lues  of  different  varieties  of  wheats  even  when  they  have  approxi- 
TTiately  the  same  gluten  content  and  are  raised  in  the  same  locality. 
riiis  fact  is  generally  attributed  to  differences  in  the  quality  of  the 
a^luten. 

W.  FaiTar"  points  out  the  difference  in  the  bread-making  qualities 
of  two  wheats  due  to  the  quality  of  the  gluten.  He  compares  Saxon 
Fife  W'heat,  which  had  a  gluten  content  of  9.92  per  cent,  and  w^hich 
produced  309  pounds  of  bread  from  200  pounds  of  flour,  w'ith  Purple 
Htraw  Tuscan  wheat,  w'hich  had  a  gluten  content  of  9.94  per  cent,  and 
Avhich  produced  only  278  pounds  of  bread  from  the  same  quantity  of 
fiour. 

In  this  case  it  was  not  the  amount  but  the  quality  of  the  gluten  that 
determined  the  greater  excellence  of  the  Saxon  Fife  w^heat. 

It  has  further  been  stated  by  Girard,'^  Snyder,^  and  Guthrie  ■'  that 
the  ratio  in  w^hich  gliadin  and  glutenin  exist  in  the  gluten  determines 
its  value  for  bread  making. 

It  was  considered  desirable  to  ascertain  whether  the  proportions 
of  these  two  constituents  remain  about  the  same  in  wheats  of  high 
and  of  low  content.  If  the  quality  of  the  gluten  remains  constant  as 
the  quantity  increases,  the  value  of  the  wheat  for  bread  making  will 
improve  in  about  the  same  ratio.  If,  on  the  other  hand,  there  is  a 
tendency  for  the  quality  to  deteriorate  as  the  quantity  increases, 
there  would  be  greater  difficulty  in  effecting  improvement. 

In  Table  23,  analyses  of  the  crop  of  1903  are  arranged  in  groups 
according  to  their  content  of  gliadin  plus  glutenin.  The  first  group 
comprises  all  plants  having  less  than  1  per  cent,  and  each  succeeding 
group  increases  by  0.25  per  cent.  It  is  followed  by  Table  24,  which 
is  a  summary  of  Table  23. 


«  Agricultural  Gazette  of  New  South  Wales,  9  (1898),  pp.  241-250. 
2'Conipt.  Rend.,  1897,  p.  876. 

'"Minnesota  Experiment  Station  Bulletins  .54  and  6.3. 
^Agricultural  Gazette  of  New  South  Wales,  9  (1898),  pp.  3^3-374. 


Gl,IADIN'-Pi,l'S-«LlTENIN  NITROGEN,  BELOW  I  PER  CENT. 

ppiwntattF  of—  I     rroportlon  of—         PtrrrpDIsffr  of— 


GlUdUl- 

plui>-        lilladla     Glul«iin 
gluwnin   nitrogm.  nitrogwi 

filKdin.   Clutenin. 

p„„,d 

p^iss 

nilro)Mn. 

-- 

* 

0  2l«          0 

114     '■       0 

Iff- 

Dias         u 

17? 

,-«    ; 

UI8 

rao 

-WM 

.636 

^     I 

JW 

.372 

KS 

2,W 

i.aw 

.4S4 

276    1 

208 

-^ 

138 

2.59 

2.4IS 

GI.IADIN-PLUS-GLUTENIN  NITROGEN,  1  TO  1  2S  PER  TENT. 
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i.os; 

1.227 

:»! 

IfiM 

O.IM 
.«3    1 

isiT 

2.W 

2.W 
2.92 

*™™^.. 

I.IM 

.BH    1 

.i-fl 

-793 

.ao7 

2.W 

... 

OLIADIN-PLVS-C.LITENIN  NITROGEN,  1.25  TO  IJO  PER  CENT. 
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l.SdS 
1.3R7 
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2» 

°:S  i 
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■™1 
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OLIADIN-PIAS-GHTESIN  NITROGEN,  l.iO  TO  I.7S  PER  CENT. 
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l^ABi^B  23. — Ratio  ofgliadin  to  glutenin  as  the  content  of  their  sum  increases — Continued. 

GLIADIN-PLUS-GLUTENIN  NITROGEN,  1.75  TO  2  PER  CENT. 


Percentage  o 

Gliadln- 

plus-       Gliadin 
glutenin    nitrogen, 
nitrogen.' 

f— 

Proportion  of— 

Percentage  of— 

1 

Record  number. 

Glutenin 
nitrogen. 

Gliadin. 

Glutenin. 

Proteid 
nitrogen. 

Other    1 
proteid 
nitrogen. 

20707 

1.855 

1.046           0.809 

0..564 

0.436 

2.77 

1 
0.915 

20710 

\.m\ 

1.125 

.871 

.5<)4 

.43<i 

2.83 

.834 

21305 

i.tK';o 

1.9.'3 

1.049 
1.046 

.920 
.917 

.533 
.533 

.  467 
.467 

2.67 
2.57 

.701 
.607 

21808 

21908 

1.876 

1.015     ■         .861 

..541 

.4.59 

3.82 

1.944 

21909 

1.976 

1.367             .609 

.f»97 

.303 

4.43 

2.4.54 

22205 

1.969 

1.185             .784 

.602 

.•,m 

2.81 

.Ml 

26906 

1.810 

.988             .831 

.543 

.4.57 

2.71 

.891 

26909 

1.S79 

.996             .883 

.531 

.469 

2.80 

.921 

270a5 

1.9tM 

l.»5»i             .838 

.5.59 

.441 

2.63 

.726 

27207 

1.946 

1.278             .668 

.6.52 

.348 

2.92 

.974 

27.'i06 

1.977 

1.147             .830 

..580 

.420 

2.70 

.723 

28806 

1.864 

.902             .962 

.484 

.516 

3.02 

1.156 

336ft5 

1.919 

1.124     ,        .795 

.58;5 

.415 

2.39 

.471 

3&J05 

1.766 

.862             .904 

.488 

.512 

3.61 

1.844 

39205 

1.845 

1.117             .728 

.605 

.395 

2.11 

.265 

48106 

1.805 

1.035             .770 

.573 

.427 

2.38 

..575 

48305 

1.766 

.996             .770 

..5<V4 

.436 

2.87 

1.104 

48505 

1.7.57 

.965             .792 

.549 

.4.51 

3.66 

1.903 

5.5005 

1.987 

1.102             .885 

.5.5.5 

.  445 

"-       3.05 

1.06.3 

55006 

1.754 

1.099             .twS 

.62»» 

.374 

3.16 

1.406 

55206 

1.866 

.840           1.02li 

.4.50 

..5.50 

2.56 

.694 

55305 

1.974 

1.042 

.932 

.528 

.472 

2.48 

.,506 

55508 

1.959 

1.037 

.922 

.529 

.471 

'        3.11 

1.151 

65605 

1.959 

1.044 

.915 

.533 

.467 

2.64 

.(«1 

55905 

1.750 

.575 

1.175 

.328 

.672 

2.67 

Am 

55908 

1.9.57 

1.075 

.882 

..549 

.451 

2.42 

.463 

66205 

1.8.50 

.883 

.967 

.477 

.  523 

2.  .51 

.660 

56206 

1.949 

1.089 

.8»J0 

..559 

.441 

2.42 

.471 

56207 

1.827 

.987 

.840 

..540 

.460 

2.34 

.513 

56208 

1.946 

1.127 

.819 

.579 

.421 

2.61 

.664 

57407 

1.8.58 
1.815 

.935 
1.052 

.923 
.763 

.5ft3 
.57^) 

.497 
.421 

2.62 
2.28 

.  762 
.465 

65307 

65308 

1.946 

1.090 

.856 

..560 

.440 

2.09 

.144 

69805 

1.937 

1.142 

.795 

..589 

.411 

5.82 

3.883 

80305 

1.770 

1.159 

.611 

.661 

.:m 

1.81 

.040 

81705 

Average . . 

1.956 

1.04« 

.908 

.535 

.465     i        1.98 
. 448             2. 82 

TO  2.2,5  PER  TEN' 
0.345            3.  .52 

.024 
.929 

1.889 

N'-PLl'S-C 
2.226 

1.044             .845 

.552 

3GEN,  2 
0.  H.V) 

GLIADI 

H.rTENl 

N  NITR< 

0.768 

r. 

17506 

1.458 

1.294 

20706 

2.053 

1.089             .964 

..530 

.470 

2.78 

.727 

21208 

2.146 

1.1.54 

.992 

.,5.'r 

.4»i3 

3.24 

1.094 

21807 

2.110 

1.174 

.9:i6 

.  .5,'Mt 

.444 

-     2.73 

.620 

21809 

2.178 

1.183 

.995 

..543 

.  457 

2. 73 

..5.52     ' 

21811 

2.156 

1.144     i       1.012 

.Wl 

.  4r»9 

3. 7,5 

1..594 

21812 

2.023 
2.141 

1.139     '         .SS4 
1.045    ■       lAm 

.437 
.512 

4.26 
4.04 

2. 237 
1.M99 

21813 

21905 

2. 181 

1.344     ,         .8:^7 

.616 

..3S4 

2.64 

.  4.59 

21906 

2.0t)6 

1.21)8     1         .hhS 

.  57»i 

.  424 

3.18 

1.0H4 

21907 

2.146 

1.187             .9.-^0 

.  .Vk? 

.447 

3.35 

1.2m 

22206 

2.113 

1.271              .M2 

.»:oi 

.  m^ 

3.  -22 

1 .  107 

22208 

2.142 

1.309     ,         .KW 

.611 

.  3s9 

3.18 

l.a'W 

26905 

2.087 

1.197             .890 

.  .573 

.427 

2.76 

.  i\r,i 

26908 

2.158 

1.250             .tK)8 

..579 

.421 

2.<M] 

.K02 

33107 

2. 123 

1.28:3     1         .K\() 

.fUM 

.  396 

2.;i5 

.227 

37707 

.  2.097 
2.06,5 

1.044           1.0.33 
1.281             .7HA 

.49S 
.  »VJO 

.  .->02 
.  3S() 

2.93 
2. 93 

.8,'« 

39506 

.  «<)5 

40505 

2.189 

1.143           1.046 

..5-22 

.47H 

2. 82 

jm 

46107 

2.076 

1.164             .912 

..5i)l 

.  439 

2.  .54 

.4<U 

48306 

2. 1.^5 

1.130          i.no.5 

.  529 

.471 

3.29 

1.155 

48406 

2. 249 

l.'M)             .9.'.9 

..574 

.426 

4.87 

2.621 

48506 

2.171 

I.IW 

1.W7 

..50S 

.492 

3.20 

1.029 

55007 

2.211 

1.24.S 

.<Ni;i 

.ot'A 

.  4:vi 

4.21 

1.999 

55506 

2. 197 

1.136 

1.061 

.517 

AKi 

2.80 

jm 

5.5507 

2.070 

1.079 

.991 

..521 

.479 

2.f)3 

..560 

56ia5 

2.118 

1.277 

.841 

.  *m 

.397 

2.73 

.612     ' 

56106 

2.(»1 

l.(Wl 

l.OfK) 

.  .522 

.478 

2.  .57 

.479    ■ 

1    .56107 

2.2:m 

2.208 

1.03;^           1.201 
1.161            1.047 

.4»i2 
..52.i 

.  ,53S 
.474 

2.9ti 
2.  .59 

.72f     ' 

1    5*'209 

.382 

' 

MADIN-PLUS-OLUTENIN  NITROOEN,  2  TO  Z^  PER  CENT— Con linofJ 

I  PercHiiage  o(—  Proportion  of—         Pereeataifr  ol - 

„T,i  „.,™h.,   ,  'ili«illn-  '  ,,.fc_ 

BraQumner.  j  GliMlin     Glutenin  -.„.j,„     i-h._i..     PToMid  ,     . 

iBftl^nin    nitr-«M,.  mtrog-n,  «"«^    O"""^'   nll"«™     P[:^>  * 

nitrogen.  ,  |  ttiiriir-Q 


1.080    ■      1.0.M 


■erane..       2.130    ' 


lADIN-Pl.rS-OLUTENIN  NlTROfllCN,  2.25  TO  ISO  PER  CENT. 
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!1.IADIN-P1A9-C.LUTE.VIN  NITROGEN,  2.S0  PER  CENT  AND  OVER. 
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*m 
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1.  Ihr  FonltTj  nf 


,  uilmFiii.' 


It  will  be  seen  from  Table  24  that  the  ratio  of  gliadiD  to  glutenm 

remains  practically  the  same  as  the  percentage  of  their  sum  increases. 

It  would  therefore  l)e  safe  to  assume  that  an  i>  crease  in  the  gluten 
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on  tent  of  a  given  variety  of  wheat  raised  in  the  same  region  would 
arry  wth  it  a  corresponding  improvement  in  its  value  for  bread 
nalcing;  although  there  might  be  fluctuations  from  year  to  year  in 
luality  of  gluten^  as  there  is  in  the  quantity. 

If  tlie  quahty  of  gluten  is  determined  by  the  ratio  of  gUadin  and 
^lutenin  of  which  it  is  composed,  it  is  likely  that  there  is  some  certain. 
proportion  that  is  most  desirable.  Unfortunately,  the  investigators 
wlio  have  taken  up  this  subject  do  not  by  any  means  agree  upon  the 
proper  ratio.  Should  this  be  ascertained  there  would  be  ample  oppor- 
tunity for  the  selection  of  individual  plants  in  which  the  proportion 
of  gliadin  and  glutenin  would  approximate  the  ideal.  There  would 
thus  be  possible  a  much  more  rapid  improvement  in  the  quahty  of 
iivheat  than  can  be  accomplished  by  confining  selection  to  an  increase 
in  the  gluten. 

An  obstacle  to  the  usefulness  of  these  determinations  in  the  whole 

w^heat  appears  in  the  announcement  by  Nasmith,  already  cited,  that 

while  gliadin  occurs  in  aH  portions  of  the  endosperm,  glutenin  does 

not  appear  in  the  aleurone  cells.     That  being  the  case,  it  is  difficult  to 

believe  that  any  given  ratio  between  these  constituents  in  the  whole 

wheat  could  be  taken  as  the  one  most  desirable.     The  ratio  in  the 

gluten   alone  may,  however,  have  an  important  influence  on  its 

quality,  and  a  certain  definite  proportion  of  each  may  produce  an 

ideal  gluten. 

In  the  hght  of  the  present  knowledge  on  the  subject,  a  mechanical 
determination  of  gluten  would  seem  to  be  most  useful,  if  it  can  be 
made  with  such  small  quantities  of  wheat  as  are  obtained  from 
single  plants,  while  determinations  of  gliadin  and  glutenin  in  the 
gluten  w^ould  aflFord  a  means  of  judging  of  its  quality. 

SOMS    BESULTS   OF  BBEEDZKO   TO  INCREASE  THE  CONTENT  OF 

PBOTEID  NITBOGEN. 

Selected  plants  have  been  grown  on  a  large  scale  for  two  years. 
From  these  results  it  is  very  apparent  that  a  high  percentage  of 
nitrogen  and  the  qualities  that  go  with  it  are  transmissible  from  one 
generation  to  another. 

In  Table  25  are  analyses  of  the  plants  of  the  crop  of  1902,  grouped 
according  to  their  proteid  nitrogen  content  into  classes  of  from  1  to  2 
per  cent,  2  to  2.5  per  cent,  and  increasing  by  0.5  per  cent  up  to  4.5 
per  cent  and  above.  Opposite  the  plant  number  of  each  plant  of  the 
crop  of  1902  are  stated  its  percentage  of  proteid  nitrogen  and  weight 
of  proteid  nitrogen  in  kernels.  On  the  same  line  are  the  plant 
numbers  for  the  entire  progeny  in  1903,  and  following  these  are  the 
percentage  of  proteid  nitrogen,  weight  of  proteid  nitrogen  per  average 
kernel,  and  average  weight  of  kernel  for  all  of  these  progeny. 

The  averages  for  each  group  are  given  in  Table  26. 
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Table  25. — Analyges  showing  (ransmission  o^  nitrogen  from  one  generation  to  aneAa:'^ 

1  TO  2  PER  CENT  PROTEID  NITROGEN. 


1909 


Record  num- 
ber. 


Pcreait-i 
"age  of 
proteid  , 
nitrogen  I 
in  ker-  , 
nels.     I 


Proteid 

nitrogen 

in  average 

kernel 

(gram). 


32201 ' 

32601 

1.51 
1.99 

ea-wi 1 

69501 

69701 1 

1.98 
1.94 
1.97 

7^301 

91901 

92401 

92901 1 

94101 ' 

94201 

1.12 
1.83 
1.33 
1.67 
1.38 
1.63 

94401 

94001 

94901 ' 

9:).501 

1.73 
1.89 
1.99 
1.92 

Average.. . 

1 

1.658 

Weight  of 

average 

kernel 

(gram). 


1903 


Record  num- 
licr.. 


Proteid 

nitrogen 


I  Percent- 
'    age  of 

nels.  (g»m>. 


areraer 


32206-7 2.64 

32605-6  and  8...  2.62 

63505^ 2.17 

69505-6 2.39 

69705 2.50 

73306-8 2.586 

91905-6 3.09 

92405-9 2.628 

92905-9 2.814 

W105 2.67 

94205-9 2.576 

W406-7 2.27 

94605-6 1.87 

94905-9 2.85 

95505-10 2.498 


O.G01OO55 
.0015963 
.0007499 
.0OCSS48 
.O0a3S74 
.0016918 
.001C^30 
.0024129 
.0024540 
.0006790 
.0022132 
.0006092 
.0016125 
.0025361 
.0026506 


0.  "1^4 
.OtT'iC 

.06%^ 
.63513 

.l^l« 
.C^I4 
.Ct2343 

.  av^ 

.lObCd 


Average.        2.587 


.0004960 


.0M9L" 


ft  In  this  table  the  average  percentage  of  proteid  nitrogen  for  all  plants  raised  in  1903.  multici;  tram 
plants  of  1  to  2  per  cent.  2  to  2.5  per  cent,  etc.,  in  1902  is  determined  by  adding  together  sfittiTsefed 
all  plants  in  that  group  and  dividing  by  the  total  number,  irrespective  of  families. 

2  TO  2.5  PER  CENT  PROTEID  NITROGEN. 


17401 

1        2.4,'i 
2.28 
2.33 

I 

57305-8 

Average . 

1 

2.646 
2.857 
1        2.&4 

0.0Q238G3 
.0023077 
.0018351 

Q.QBHC 

3 1201 

i 

(HITS 

57.'i01 

,      0.000601 

6.0258.^ 

0?O"A 

A%'erage. . 

i        2.353 

1 

.000601 

.02.^ 

1 

2.68 

1 

.00051716 

.Oi«1« 

2.5  TO  3  PER  CENT  P 

ROTEID  NITR 

OGEN. 

21701 

2.50 
2.73 

1 

i 

,  21705-11 

'  33405-S 

Average . 

2.78 

1.977 

1 

0.0042343 
.0014277 

0  l^fSl 

33401 

,(CSi 

Average. . 

2.615 

2.487 

.0005147 

.a»a 

1 

3  TO  3.5  PI 

ZR  CENT  P 

ROTEID  NITROGEN. 

17301 

3.04 
3.14 
3.31 
3.22 
3.  19 

3.a> 

3.10 
3.17 
3.28 
3.24 
3. 12 
3.00 
3.31 
3.06 
3.  .33 
3.  -22 
3. 08 
3.46 
3.18 
3.  13 
3.44 
3. 21 
3.00 

3.:« 

3.31 
3.11 
3.11 

■ 

173a'>-8 

3.207 

4.006 

3.64 

2.W 

3.32 

3.015 

3.13 

3.527 

2.768 

2.63 

2.56 

2.93 

2.96 

2.73 

3.41 

2.606 

4.33 

3.12 

3. 88 

2.96 

2.6'W 

2.48 

3.25 

2.. 59 

2.88    1 

4.69 

3.11     . 

0.0025519 
.002i7:S 
.0010)39 
.0034181 
.0006999 
.0Q2in» 
.0094513 
.0060008 
.00259*3 
.aiOI9*4 
.0016114 
.0022229 
.an  3685 
.0015199 
.0007136 
.0017186 
.  000-^^5 
.0006904 
.0007295 
.  00(Xt8S1 
.0015390 
.0009112 
.0013176 
.O0a5148 
.0006027 
.0008776 
.0006255 

aoT'i' 

17.'><)1 

175a>-7 

.av.H* 

18<M)1 

1&W5-6 

20705-10 

20805 

21305-8 

21805-13 

2190[5-9]  [11-13] 
26905-9 

.tCjtk} 

20701 

.I3C4 

2lW)I 

' 

.ft.M57 

2i;i(>l 

.0C27> 

21.^)1 



•■ 

.i:w8 

'2VM)l 

.i6:>3 

20'.M)1 

.ns-vT 

27(¥)1 

1 

27005 

* 

,01*0 

27JJ)1 

:::::::::::: 



27205-7 

.i*'..u 

27301    

1 

27305-8 

.  re  v** 

2HS01 

288a5-6 

.t.U®3 

.tnoi 

33105-7 

33305 

.  iii>r4 

3;«oi. 

.OBA^ 

S.ViOl..    . 

336a>-7 

.OftfiU 

31101 

0.000009 
.  (XKH>48 
.  0(H)S27 
.  000S;->4 

.  omm 
.  0008:^1 
.mm4 
.(mem 

.  000933 
.001017 
.000914 

0.02956 
.02749 
.0-2602 
.02731 
.01995 
.02599 
.02732 
.02081 
.02820 
.a'J271 
.02942 

34405 

.01*>»»4 

34001 

34606 

.022U 

3fi<K)l 

.3d9a5 

.01x^1 

3<301 

37701 

37W1 

37305 

377a>-7 

379a'>-6 

38505-6 

.Ct^l 

3.S."i01 

.(^1227 

3K701 

38706 

.01«^» 

30401 

39405 

.UJtSQ 

40201 

40205 

.Ol.s*l 

40301 

40305 

.10)11 
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'au«£  25. — Analyses  showing  transmission  of  nitrogen  from  one  generation  to  another- 

Continued. 

3  TO  3.5  PER  CENT  PROTEID  NITROGEN— Continued. 


190« 

1 

190 

Percent- 
age of 
proteid 
nitrogen 
in  ker- 
nels. 

i3 

tecord  num- 
ber. 

Percent- 
age of 
proteid 

nitrogen 
in  ker- 
nel. 

Proteid 

nitrogen 

in  average 

kernel 

(gram). 

Weight  of 

average 

kernel 

(gram). 

Record  num- 
l)er. 

Proteid 

nitrogen 

in  average 

kernel 

(gram). 

1 

0.0004352 
.0006892 
.0008988 
.0005447 
.0006594 
.0006423 
.0016171 
.0004567 
.0012867 
.0021750 
.0010077 
.00tM877 
.0006149 
.  0010793 
.0002422 
.0023714 
.00ia373 
.0017313 
.0028162 
.0014369 
.0025326 
.0013974 
.0002527 
.0019599 
.0021279 
.0006767 
.0008052 
.000.3258 
.0003292 
.0007684 
.0003938 
.0024199 
.0017773 
.0008767 
.0016495 
.  0005.531 
. 0019005 
.0021643 
.0026515 
.00057.38 
.00039.30 
.0004054 
.0014234 
.0013768 
.0009400 
.0003919 
.0010.576 
.0005704 
.0005067 
.0011244  ' 
.0007,556 
.0008522 
.0026832 
.0009933 
.0020214 
.0012908 
.0013009 

Weight  of 

average 

kernel 

(gram). 

tot 

501 

201 

901 

401 

fiOl 

«01 

3.32 
3.23 
1        3.46 
'        3.37 
3.24 
3.37 
3.33 
3.1U 
3.49 
3.16 
I        3.36 
I        3.43 
3.19 
!        3.36 
3.33 
3.09 
3.45 
3.25 
1        3.05 
3.22 
3.26 
3.10 
3.35 
3.31 
3.30 
3.15 
3.14 
3.23 
3.05 
3.30 
3.14 
3.15 
3.46 
3.12 
3.16 
3.02 
3.22 
3.17 
3.03 
3.31 
-3.26 
3.13 
3.25 
3.17 
3.06 
3.23 
3.36 
3.42 
3.39 
3.10 
3.36 
3.38 
3.24 
3.14 
3.48 
3.49 
3.29 

0.001039 
.001050 
.000972 
.000933 
.000907 
.000772 
.000899 
.0008.53 
.001005 
.(J00866 
.000820 
.000888 
.000791 
.000937 
.000789 
.000902 
.0009*28 
.000859 
.000930 
.000805 
.000808 
.000787 
.000958 
.00O'*94 
.000785 
.000781 
.000832 
.000920 
.000723 
.000990 

0.03136 
.a3250 
.02813  1 
.02766 
.02800  , 
.02299 
.02701 
.02704 
.02882 
.02748 
.02445  . 
.02595 
.02488 
.02797 
.02377 
.02928 
.02697 
.02661  1 
.03a52  ' 
.02507 
.0'M85 
.02548 
.02S60 
.02941 
.02*^81 
.02485  , 
.02665 
.02846 
.02379 
.03000 

40405 

4a505 

42205-6 

42905 

43405 

43505 

44605-7 .'... 

48106 

483ftV6 

48505-8 

48705-6 

48806 

49505 

50705-6 

51005 

3.17 

2.82 

2.51 

3.17 

2.92 

4.13 

2.73 

2.38 

3.08 

3.065 

3.06 

2.70 

3.24 

3.17 

1.34 

3.255 

2.83 

2.27 

2.558 

2.75 

2.495 

2.706 

2.76 

2.49 

2.60 

2.88 

2.95 

3.01 

2.43 

2.14 

3.25 

2.925 

3.25 

4.42 

3.74 

2.47 

3. 15,5 

4.04 

2.937 

.3.01 

2.48 

1.98 

2.78 

2.486 

3.40 

1.81 

2.965 

2.94 

2.48 

2.875 

2.63 

2.595 

2.566 

2.74 

2.67 

3.93 

2.58 

0.01373 
.02444 
.03231 
.01866 
.022.58 
.01.5,55 
.05890 

UOl 

OOl 

.01919 
.01235 

iSOl 

J701 

leoi 

MOl 

0701 

.07253 
.03287 
.01798 
.01898 
.a3329 

1001 

.01804 

sooi 

55005-8 

.07295 

5201 

.5520i>-6 

.a3688 

5301 

55.305-8 

.07496 

sooi 

559ft5-9 

.11169 

i6l01 

56105-7 

.05233 

i6201 

56205-^ 

. 10169 

57001 

570a'>-7 

.a5l74 

57ia5 

'  57405-8 

.00916 

57401 

.07892 

57501 

57506-9 

.08396 

58201 

,58206-7 

.02318 

58501 

5«505 

.02730 

58701 

,58705 

.01082 

58001 

59601 

589a5 ,.. 

596a5-6 

.01355 
.03592 

62801 

62H)5 

65305-8 

.01212 

65301 

.08003 

66001 

66005-6,8 

693a5 

.a5529 

69-301 

.01984 

69801 

69>'05-6 

.04373 

71901 

7l9a5 

72405-6.: 

.02239 

72401 

.05892 

72601 

72605-7 

.05274 

72701 

72705-8 

.a8981 

72801 

72806 

72905 

.01906 

72901 

.01,585 

74'»1 

74305 

.02047 

74501 

74506-8 

.05084 

74601 

746a5-7 

.05,562 

76201 

76205-6 

.02912 

80001 

80305 

81405-6 

.02165 

.03.583 

81501 

81506 

.01940 

84401 

1 

84405 

.02043 

84901 

84905-6 

.03902 

85201 

85205-6 

.029.37 

86101 

86105-6 

88605-9 

88905-6 

.03244 

88601 

.11179 

88901 

. 03625 

922a5-8 

. 07575 

92301 

92305-6 

.a3223 

95701 

95705-7 

.05017 

Average  . 
•ROTEID  NITR 

Average  . 

3.239 

.  000875 

.02700 

1 

2.932 

.00056037 

.019189 

3.5  TO  4  PI 

5R  CENT  F 

OGEN. 

2.02 

.3.567 

3.165 

2. 735 

3.19 

2,688 

18W1 

3.55  ' 
3.50 
3.65 
3.63 
3.76 
3.5S 
1 

-No.  78- 

188a5 

0.0003164 
.0a54768 
.0037042 
.0011894 
.0015273 
.0028791 

0.01567 

21201 1 

2l2a5-12 

222ft>-ll 

252a>-6 

26105-7 

27505-9 

.15672 

22201 

1 

.11711 

25201 

1 

1 

.04347 

26101 

1 

.05113 

27501 

. 10761 

27889- 

-05 7 

1 

1 

3,S  TO  4  PER  CENT  PROTEID  SITKOfiES-Conl 
I808  ll  II 


.....u„. 

ghtof 

ST 

R*™rd  num- 
b«r. 

■^^^^^   1    (fnm). 

33905-a 

3:718!      :off*}ls 

2.11  ,    .«»4«r 
2.97S  1     .ntijawi 

2.37    ,       .0003177 
3.07          .0006927 
2.94    1      .00Uia7 

2.x           !U02U794 

its4a      iwitaw 

2.S55         .0022356 

2:31  '  :o«noi7  ■ 

1.87        .onoaiN}  1 

2.10    '      .a0165» 

2.27   ,    .ooiioia 

3.21    1      .0007197 
3.32    .       .0017483  i 

3-82  1      0 

3,8; 

3!  79 
3.m 

oaoMe       0 

COIOM 

I»1,T27 
WICOO 

cooKt; 

001146 
O0OW3 

001043 
wioso 

»07S9 

OS'ff? 
0261B 

03305 

92730 

4450a 

4«0S-« 

4iS0S 

4990S 

Maos-8 

ISC:::::::: 

BI71&-16!;!;"; 

flisns 

..v.«g. 

Average  . 

3.«8 

aO990J 

02650 

2.906  , 

nm  nx 

.UIH3M 

4  TO  4..^  PER  CENT  PROTEID  KITROGEX. 


I  ,0006126  ,0I»« 


Av 

rags 

4,123  1         .a«988j 

,02472 

AV 

rage. 

im  i  .muK 

.UIKM 

MORE  THAN  4 

SPERC 

ENT  PRO 

TE.D 

»,TRO0EN. 

60901 

4,05  1      0,001074  1 

0,0217, 

SMOM,, 

mCP. 

lOJ      •.«»«»! 

rage. 

>",      ■«"»«« 

L 
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In  Table  26  the  averages  for  each  group  are  stated.  This  table  is 
esigned  to  show  whether  there  has  been  a  tendency  for  plants  of  a 
ertain  class  to  reproduce  the  qualities  pertaining  to  that  class,  or 
r  lie t her  these  are  lost  in  the  offspring. 

It  is  unfortunate  that  there  are  not  a  greater  number  of  analyses  of 
slants  of  medium  and  of  low  nitrogen  content.  The  plants  selected 
or  reproduction  in  1903  were  largely  those  of  high  nitrogen  content, 
.nd,  consequently,  comparatively  few  analyses  of  the  low  nitrogen 
tnd  medium  nitrogen  plants  of  1903  are  at  hand. 

Table  25  shows  that  in  the  main  there  is  a  tendency  for  each  class 
>f  plants  to  reproduce  in  the  same  relation  to  the  other  classes,  but 
ihat  there  is  less  difference  between  the  extreme  classes  in  the  off- 
»pring  than  in  the  parent  plants.  In  other  words,  while  all  plants 
tend  to  reproduce  their  own  qualities,  those  plants  varying  widely 
From  the  average  produce,  in  general,  offspring  varying  from  the 
Eiverage  less  widely  than  did  the  parents.  Although  tliis  is  a  rule,  its 
application  to  the  individual  is  not  universal.  Certain  plants  mhy  be 
found  w^hose  tendency  to  variation  extends  through  both  generations. 
There  is  also  wide  variation  between  certain  plants  of  the  same 
parent.  For  instance,  the  plants  numbered  from  21205  to  21212,  all 
of  which  come  from  the  same  parent,  vary  from  2.16  to  5.23  per  cent 
in  proteid  nitrogen  content,  while  plants  69805  and  69806  vary  from 
5.82  to  1.66  per  cent  in  this  constituent.^ 

It  would  seem,  therefore,  entirely  reasonable  to  believe  that  a  very 
considerable  increase  in  the  proteid  nitrogen  content  of  wheat  may  be 
effected  by  careful  and  continuous  reproduction  from  plants  of  high 
proteid  nitrogen  content. 

Table  27  contains  the  analyses  of  plants  raised  in  1902  and  their 
progeny  raised  in  1903,  arranged  according  to  the  number  of  grams  of 
proteid  nitrogen  contained  in  the  average  kernel  of  the  former. 

Table  27. — Analysea  showing  transmission  of  proteid  nitrogen  in  average  kernel. 


1002                                       i9oa 

Range  of  proteid  nitrogen 
in  average  kernel 
(gram). 

Proteid 
nitrogen 
In  aver- 
age ker- 
nel 
(gram). 

Num- 
ber of 
anal- 
yses. 

3 
9 

18 
18 
15 

Percent-;  wpi^^t      Proteid 

age  of    '  ^J  ^flLt     nitrogen 

proteid     J^e  i"    ,   in  aver- 

nitrogen    *^!.el         ag^  ker- 

in  ker-      /^^am)           "^^ 

nels.       ^K*«™^      (gram). 

Num- 
ber of 
anal- 
yses. 

Percent- 
age of 
proteid 
nitrogen 
In  ker- 
nels. 

Weight 
of  aver- 
age ker- 
nel 

(gram). 

0.000600  to  0.000700 

0.000700  to  0.000800 

O.00OSO0  to  0.000900 

0.000900  to  0.001000 

0.001000  and  over 

0.000659 
.000776 
.00aS50 
.0(K)9:« 
.001077 

3.03       0.02220      0.000496 
3.29         .024a'>        .000444 
3. 33         .  02576        .  000544 
3.37  ;       .02796        .OOa-iU 
3.71         .02880    ,     .000593 
1 

8  '         2.59 
15            2. 68 
liH           2.91 
35  '          2.89 
28             .Tflfi 

0.01895 
.  01673 
.  01875 
.01784 
.01905 

«  Table  25  represents  the  properties  of  each  plant  grown  in  1903  arranged  according  to 
immediate  families.  For  instance,  plants  numbered  1730.5-17308  are  all  the  offspring  of 
the  same  plant  grown  in  1902.  The  parent  bears  the  number  17301.  This  is  the  system 
of  records  devised  by  Prof.  W.  M.  Hays,  formerly  of  the  University  of  Minnesota. 


Table  28  shoivs  the  analyses  of  plants  raised  in  1902  and  their  prog- 
eny raised  in  1903,  arranged  according  to  weight  of  average  kernel. 
There  is  more  variation  in  this  table  than  in  the  preceding  one.  bnt 
the  tendency  toward  transmission  of  proteid  nitrogen  in  the  averagip 
kernel  may  be  noted.  The  averages  for  1902  are  much  higher  (haa 
for  1903,  owing  partly  to  the  higher  percentage  and  partly  to  greater 
kernel  weight. 

The,  weight  of  the  average  kernel  shows  some  tendency  toward 
transmission,  although  there  are  some  variations.  It  will  be  noticed 
that  the  kernels  average  much  heavier  in  1902  than  in  1903,  and  that 
in  spite  of  this  the  percentage  of  proteid  nitrogen  is  higher  in  190"i. 
The  relation  of  light  kernel  and  high  percentage  of  nitrogen  does  not 
therefore  appear  to  hold  as  between  crops  of  different  years, 

AB  of  the  qualities  of  which  determinations  have  been  made  in 
both  years  appear  to  be  transmitted.  It  may  be  safely  assumed  that 
certain  plants  will  have  greater  power  to  transmit  these  qualities  than 
will  the  average  plant.  Such  plants  will  assert  themselves  in  the 
course  of  three  or  four  generations.  From  these  plants  individuab 
may  be  selected  that  have  a  combination  of  the  desired  qualities. 

TTEIJ)  OF  GRAIN  AS  A7FE0TBD  BT  StraCBPTIBILITT  TO  GOU>. 

As  has  already  been  stated,  a  large  number  of  plants  on  the  breed- 
ing plots  were  killed  during  the  winter  of  1902-3,     This  afforded  an 
opportunity  to  ascertain  the  effect  of  the  severe  weather  upon  the     ( 
surviving  plants.     The  question  arose  whether  the  surviving  plants  of 
a  family  of  which  a  large  percentage  of  members  were  killed  yielded 
less  per  plant  than  the  plants  of  a  family  of  which  but  a  smaU  per-     ' 
centage  had  succumbed.     As  each  spike  of  the  crop  of  1902  was     i 
represented  by  a  number  of  plants,  and  as  records  of  each  plant     J 
were  available,  there  were  very  extensive  data  at  hand  from  which     i 
to  secure  information  on  the  subject.  I 

In  Table  29  the  sun-iving  plants  of  each  immediate  family,  or,  in 
other  words,  the  surviving  plants  descended  from  the  same  plant  of 
the  previous  year,  are  classified  according  to  the  percentage  of  plants    * 
that  survived  the  winter.     Thus  all  plants  of  which  only  from  10  to  20     I 
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>er  cent  survived  are  grouped  together.  In  the  next  class  are  all 
>l£tnts  of  which  from  20  to  30  per  cent  survived.  The  other  classes 
ncrease  by  10  per  cent  surviving  plants  until  70  per  cent  is  reached. 
Wl  plants  of  which  more  than  70  per  cent  survived  form  the  last  class. 

Table  30  gives  a  summary  of  Table  29,  the  averages  for  each  class 
^eing  shown.  From  this  table  it  wull  be  seen  that  with  an  increase 
LH  the  proportion  of  surviving  plants  there  is  an  increase  in  the 
freight  of  grain  per  plant  and  in  the  number  of  kernels  per  plant. 
[t  is  therefore  to  be  concluded  that  decrease  in  yield  from  winter- 
killing is  due  not  only  to  the  loss  of  plants  that  are  destroyed,  but 
etlso  to  a  decreased  yield  from  most  of  the  surviving  plants. 

Table  30  also  shows  that  the  weight  of  the  average  kernel  is  not 
affected  by  the  freezing  of  a  large  proportion  of  the  family,  the 
decreased  yield  being  due,  it  may  be  assumed,  to  the  decreased 
number  of  kernels,  owing  to  a  decreased  ability  to  tiller. 

With  an  increase  in  the  proportion  of  surviving  plants  there  is, 
perhaps,  a  sUght  decrease  in  the  percentage  of  proteid  nitrogen  in 
tlie  kernels  and  in  the  number  of  grams  of  proteid  nitrogen  in  the 
average  kernel,  although  this  is  so  sUght  and  so  irregular  that  it 
ivould  not  be  safe  to  draw  any  conclusions  from  it.  The  total  pro- 
duction of  proteid  nitrogen  per  plant  naturally  increases. 

Table  29. — Yields  ofplarUSj  arranged  according  to  percentage  killed  in  each  family. 

10  TO  20  PER  CENT. 


Record  namber 
for  1902. 


Percent- 

S age  of 
tants 
1  1903 
surviv- 
ing from 
1902. 


Weight 
of  ker- 
nels on 
plant 
(gram). 


18801 

11.1 

20801 

10.0 

25301 

18.2 

a3301 

37301 

38001 

39201 

16.7 
16.7 
14.3 
16.7 

39401 

16.7 

40201 

14.3 

4(^101 

42901 

16.7 
16.7 

43401 

16.7 

44501 '. 

16.7 

45001 

16.7 

45701 

14.3 

45801 

16.7 

49501 

49901 

61001 

57101 

14.3 
14.3 
16.7 
16.7 

58501 

16.7 

58701 

16.7 

58001 

16.7 

60601 

62801 

69301 

74301 

16.7 
16.7 
16.7 
16.7 

81401 

16.7 

91301 

14.3 

94101 

14.3 

Average . . 

15.78 

Num- 

l)erof 

kernels. 


7 
2 
6 
2 
21 


2.1462 

14.h942 

7295 

9905 

1394 

5134 

5399 

9.3541 

3.6:102 

.6316 

1.2499 

2.8000 

5.  iwyo 

3.2340 

.7532 

1.5298 

1.2716 

.67150 

15.5835 

7263 

4516 

5431^ 

2.3031 

.5052 

1.3451 

2.0430 

4.4222 

8. 7448 

3.0940 

.5595 

4.7098 


3. 
7. 
2. 


137 

607 

3(i3 

156 

309 

139 

1,031 

447 

194 

46 

67 

124 

340 

235 

44 

i:» 

67 

23 
862 
407 
273 
235 
170 

35 
111 
103 
216 
428 
138 

22 

251.4 


Weight 
of  aver- 
age 
kernel 
(gram). 


0.01567 
.02157 
.02173 
.01858 
.01087 
.01808 
.02089 
.02093 
.01871 
.01373 
.0186<) 
.02258 
.01764 
.01376 
.01712 
.012a» 
.01898 
.02939 
.018(M 
.00916 
.02730 
.01082 
.01:J55 
.01701 
.01212 
.01984 
.020-17 
.02(H3 
.02242 
.02543 

.01856 


Percent- 
age of 
proteid 

nitrogen 
in  ker- 
nels. 

Proteid 

Proteid 

nitrogen 
in  ker- 
nels 

nitrogen 

in  average 

kernel 

(gram). 
0.04335 

(gram). 

2.02 

0.0003164 

3.32 

.48781 

.0006999 

2.73 

.2»)732 

.0005947 

2.73 

.07566 

.0005066 

2.9;i 

. 18173 

.0000881 

2.i^ 

.07138 

.00a5135 

2.11 

.45435 

.00(M4O7 

2.88 

.21399 

.0006027 

4.  (.9 

.17026 

.0008776 

'3.17 

.02(Xy2 

.0004352 

3.17 

.(WJWO 

.00aS447 

2.92 

.08176 

.000(yy94 

2.94 

.  176;J7 

.0005187 

3.58 

. 11575 

.0004927 

4.18 

.03148 

.0007155 

l.'M 

.02815 

.0002700 

3.24 

.04120 

.000(5149 

3.62 

.024.36 

.0010640 

1.34 

.20881 

.0002422 

2.76 

.10285 

.0002527 

2.95 

.21982 

.0008a52 

3.01 

. 07656 

.0003258 

2.43 

.a'>,'i96 

.0003292 

1.87 

.01113 

.0003180 

3.25 

.(M272 

.0003938 

4.42 

.09(W0 

.0008767 

1.98 

.087.')6 

.O004a54 

2.48 

.21<«7 

.0005067 

3.21 

.09932 

.0007197 

2.67 

.01494 

.0006790 

2.91 

.12294 

.00051366 
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Table  29. —  Yields  of  plants ,  arranged  according  to  percentage  killed  in  eack  family — ComU 

20  TO  30  PER  CENT. 


Record  namber 
for  1902. 


18901. 
27001. 
34601. 
36901. 
39601. 
40301. 
40501. 
42201. 
42401. 
43501. 
48701. 
48801. 
57801, 
57901. 
58801. 
71901. 
80301. 
81501. 
91901. 
04<W1. 


Average 


Percent- 
age of 
plants 
Ui  1903 

Weight 

Weight 

Percent- 
age of 
proteid 
nitrogen 
in  ker- 
nels. 

Proteid 

1 
t 

Prote«i 

of  ker- 

Num- 

of aver- 

nitrogen 

nitrnfEen 

nels  on 

ber  of 

age 

in  ker- 

inavera^ 

surviv- 

plant 

kernels. 

kernel 

nels 

kernel 

ing  from 
1902. 

(gram). 

(gram). 

(gram). 

(gram). 

20.0 

1.2046 

84 

0.01431 

3.64 

0.04437 

O.Q0032I9 

20.0 

16.4120 

Qaa. 

.01805 

2.63 

.43154 

.00LVi9N 

28.6 

6.1962 

280 

.02213 

3.12 

."19332 

.0006904 

20.0 

5.0200 

267 

.01880 

3.88 

.19478 

.0007256 

28.6 

4.6383 

S46 

.01341 

2.37 

.10967 

.maaii* 

25.0 

3.6003 

179 

.02011 

3.11 

.11197 

.0006255 

20.0 

4.1546 

170 

.02^44 

2.82 

. 11716 

.ooo6i«e 

25.0 

1.0827 

59 

.01615 

2.54 

.03587 

.0Q044»t 

20.0 

U4892 

66 

.02251 

3.07 

.04572  , 

.00OH937 

25.0 

1.4464 

93 

.01555 

4.13 

.03974  i 

.0005423 

28.6 

5.2800 

321 

.01643 

3.06 

.16124  1 

.0003038 

25.0 

0.8346 

547 

.01798 

2.70 

.26553  ! 

.0004<C7 

20.0 

4.8988 

270 

.01814 

2.87 

.14060 

.000^377 

25.0 

2.4731 

221 

.01118 

3.18 

.0785© 

.00(X335H 

28.6 

12.6470 

626 

.02024 

2.31 

.33541 

.00(.Ufio8 

20.0 

28.2136 

1,260 

.02239 

2.47 

.69688 

.0005331 

20.0 

l.'i.  7835 

729 

.02165 

1.81 

.28569 

.0003019 

20.0 

2.8327 

146 

.01940 

2.»4 

.08328 

.OOX-TOI 

22.2 

3.4961 

199 

.01756 

3.09 

.10771 

.00(^15 

28.6 

6.2877 

106 

.04425 

1.87 

.11373  , 

.00081152 

23.5  I    6.84457     341.75  i     .01^779 


2.88 


.18065 


.0005527 


30  TO  40  PER  CENT. 


'  26101, 
28201. 
28801. 
33901, 
37901. 
38501. 
38701. 
48301. 
50901. 
59601. 
69701. 
88901. 
92301. 


Average 


33.3 

a3.3 

33.3 

33.3 

33.3 

37.5 

33. 

33. 

33.3 

33.3 

33. 

33. 

33. 


3 
3 


.3 
3 
3 


33.6 


1.9790 
4.3698 
8.3240 
6.7109 
.5757 
03306 
2545 
3424 
0631 
8.4456 
3. 7810 
7.6051 
4. 1975 


5.2065 


122 
219 
386 
313 
28 
252 
365 
315 
167 
474 
244 
419 
253 


0.01704 
.01996 
.02311 
.02057 
.01820 
.01814 
.01988 
.02117 
.01000 
.01796 
.01550 
.01812 
.01611 


273.6 


.01813 


40  TO  50  PER  CENT. 


17501 

42.9 
44.4 
42.9 
42.9 
40.0 
40.0 
40.0 
40.0 
40.0 
40.0 
40.0 
44.4 
42.9 
42.9 

1.1495 

21301 

4.6950 

33101 

2.9905 

44(K)1 

1.8251 

50701 

.5329 

72401 

8.3672 

72801 

2.0970 

72901 

2.6462 

76201 

6.9409 

81401 

2.9064 

86101 

5.3261 

92201 

4.1705 

92501 

5.4034 

94401 

8.6610 

Average 

41.7 

4.1223 

55 
259 
156 
93 
32 
321 
110 
167 
472 
156 
314 
238 
297 
484 


0.01865 
.01819 
.01858 
.01963 
.01664 
.02946 
.01906 
.01585 
.01456 
.01791 
.01622 
.01894 
.01771 
.01769 


3.19 

0.0631S 

0.0005091 

3.07 

.13415 

.0Q0Hia(> 

2.96 

.25019 

.oooiwe 

2.21 

.12186 

.000446^ 

2.48 

.01447 

.00(HS56 

3.25 

.24284 

.<Oi1|»73S 

2.50 

.18789 

.0005145 

3.08 

.21633 

.0006433 

3.43 

.07«M1 

.Q004^S 

2.14 

.18099 

.0009=43 

2.50 

.09453 

.0003S74 

2.74 

.20632 

.000i9!» 

3.93 

.18308 

.00064^ 

2.89 

.  151-25 

.0005310 

225.3   .01843 


01 
01 
73 
73 
17 
15 
01 
48 
40 
2.96 
2.59 
2.67 
3.32 
2.27 


0.04*268  . 

aOQ07339 

.14144  ' 

.00(b449 

.0i566 

.ooaso^ 

.0*998  ' 

.00053M 

.01712 

.00ufi396 

.21^13 

.0009502 

.06312 

.0005738 

.06563 

.0009890 

.23024 

.0004700 

.0?905 

.00Q52S8 

.14008 

.00049^1 

.11199 

.0005&%3 

.16649 

.00Q5KS 

.2QC40 

.0004046 

2.96 


11736 


aX)&493 
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29. — Yields  of  jiajUs,  arrariged  according  to  percentage  JciUed  in  each  family — Cont'd. 

50  TO  eo  PER  CENT. 


Record  number 
for  1902. 


17301 

17401 

20701 

27201 

33401 

33601 

34201 

37701 

39501 

45f01 

4fil01 

55201 

57P01 

68101 

69801 

85201 

8seoi 

Average . . 


21701. 
21801. 
21901. 
22201. 
26801. 
26901. 
27301. 
27501. 
38601. 
49401. 
'55601. 
55901. 
56101. 
56201. 
5R201. 
65301. 
74501. 
81701. 
92401. 
94201. 
94901. 
95501. 


Percent- 
age of 
plants 
m  1903 
surviv- 
ing from 
1902. 


60.0 
54.5 
50.0 
50.0 
50.0 
50.0 
57.1 
50.0 
50.0 
50.0 
50.0 
50.0 
57.1 
50.0 
50.0 
50.0 
57.1 


51.5 


Weight 
of  ker- 
nels on 
plant 
(gram). 


3.0000 
11.7777 
6.6626 
12.9727 
5.2333 
6.0463 
6.8220 
4.1993 
1.9040 
2.3719 
4.8728 
6.0242 
9.3804 
4.7193 
7.2278 
4.2040 
5.6295 


6.0616 


Num- 
ber of 
kernels. 


156 
581 
327 
611 
271 
273 
328 
237 
89 
140 
273 
309 
435 
224 
334 
295 
266 


Weight 
of  aver- 
age 
kernel 
(gram). 


0.01980 
.01961 
.02012 
.02105 
.01818 
.02205 
.02019 
.01946 
.02284 
.01497 
.01832 
.01844 
.02178 
.01984 
.02186 
.01468 
.02236 


Percent- 
age of 
proteid 
nitrogen 
in  ker- 
nels. 


302.9 


.01974 


60  TO  70  PER  CENT. 


21201 

66.7 

,  32201 

60.0 

32601 

66.7 

48101 

66.7 

48501 

66.7 

55001 

66.7 

55301 

66.7 

55501 

66.7 

57001 

60.0 

57301 

66.7 

57401 

66.7 

57601 

66.7 

63501 

60.0 

66001 

66.7 

72601 

60.0 

72701 

66.7 

73301 

•  66.7 

74601 

60.0 

84901 

66.7 

1  92901 

62.5 

95701 

60.0 

Average 

64.6 

2.5064 
6.8304 
2.9653 

11.6655 
6.0446 
8.6833 
5.4606 

10.4714 


5. 

7. 
7. 


0125 
7761 
6312 


8.1116 


4. 
6. 
4. 


1723 

•  oOoO 

.6412 
9.3629 
7.7977 
8.3679 
4.1284 
4.6{^18 
5.4211 


137 
288 
166 
608 
341 
476 
280 
529 
319 
443 
383 
382 
229 
309 
265 
396 
354 
451 
209 
258 
318 


0.01956 
.01937 
.01890 
.01919 
.01813 
.01824 
.01874 
.01914 
.01725 
.01752 
.01973 
.02099 
.01791 
.01919 
.01758 
.02245 
.02194 
.01854 
.01951 
.01763 
.01672 


6.5092 


340 


.01896 


70  PER  CENT  AND  OVER. 


87.5 
80.0 
88.9 
87.5 
80.0 
71.4 
80.0 
71.4 
71.4 
83.3 
83.3 
83.3 
75.0 
83.3 
75.0 
83.3 
100.0 
100.0 
71.4 
83.3 
75.0 
100.0 


8. 
4. 

7, 
3. 


9.75524  ' 

11.5721  I 

,;J406 

0677 

1981 

,8910 

6.6162 

6.8618 

3.9.'>32 

4.4668 
10.2785 
10.9242 
10.7383 
11.2241 

2.8084 

7.5858 

3. 4799 
12. 7593 

4.4I3I 

5.9<i03 

7.0172 

7.29.5(1 


447 
622 
398 
229 
329 
206 
343 
310 
186 
277 
435 
489 
617 
563 
227 
394 
191 
569 
234 
339 
388 
374 


Average . 


82.4       7.3275         371.2 


0.02157 
.01963 
.02114 
.01674 
.02045 
.01871 
.01913 
.02152 
.01983 
.01.502 
.02211 
.02234 
.01744 
.02034 
.01159 
.02001 
.01695 
.02272 
.01822 
.01748 
.01780 
.01767 

.01902 


3.21 
2.65 
2.85 
2.56 


Proteid 
nitrogen 
in  ker- 
nels 
(gram). 


1. 
2. 
2. 
2. 
2. 
2. 
2. 
2. 
2. 
2. 
3. 
2. 
2. 


98 
61 
86 
64 
97 
36 
69 
83 
37 
82 
74 
63 
57 


2.73 


0.09556 
.30061 
.18906 
.31.509 
.10621 
.  14750 
.18949 
. 12164 
.05663 
.04852 
.13084 
.15608 
.18680 
.12281 
.17078 
.11078 
.14178 


Proteid 

nitrogen 

in  average 

kernel 

(gram). 


.15237 


0.0006380 
.0005161 
.0005f97 
.0005371 
0003569 
.0005729 
.0005769 
.0005130 
.0006768 
.0003388 
.0004924 
.00a5186 
.0005150 
.0005523 
.0008247 
.0003778 
.0005366 


.0005361 


3.67 
2.64 
2.62 
2.38 
3.06 
3.25 
2.27 
2.85 
2.71 
2.54 
2.49 
2.60 
2.17 
8.26 
4.04 
2.94 
^>  oU 
2.49 
2.87 
2.81 
2.58 


0.09431 
.11603 
.05309 
.27765 
.18124 
.25347 
.12536 
.29155 
.13688 
.20018 
.19910 
.20327 
.06748 
.17590 
.14328 
.28276 
.21334 
.20681 
.13763 
. 12877 
.14079 


0.0006846 
.0005027 
.0006177 
.0004567 
.0OOM37 
.00a5928 
.0004328 
.0005428 
.0004658 
.0004588 
.0004900 
.00a')320 
.0003749 
.0005924 
.0007214 
.0006629 
.00a')639 
.0004589 
.00a5622 
.0004908 
.0004336 


2.80 


.17280  ,  .0005324 


2.78 
3.13 
3.53 
3.16 
82 
77 
93 
69 
72 
2.90 
2.55 
2.56 
2.75 
2.49 
2.88 
2.92 
2.78 
2.27 
2.63 
2.58 
2.85 
2.50 


0.30200 
.35575 
.30995 
.12604 
.20306 
.10870 
.18438 
. 17267 
.11558 
.10033 
.29008 
.27788 
.2978;} 
.27997 
.083^,5 
. 18248 
.10355 
.29500 
.12426 
.16548 
.21294 
.18*i89 


2.83 


,20357 


O.00OPO49 
.0O0tiO57 
.0007501 
.0005292 
.0005768 
.0005189 
.0005447 
.0005758 
.0007264 
.00041.59 
.0005589 
.00a5632 
.0004790 
.000)0^5 
000;«83 
.00060.50 
.0004745 
.0005170 
.00O48»^ 
.0004426 
.00a')072 
.0004418 


.0005348 


-  I  Weight  I  Sum- 
".  nelson  Itsrapls 
2  (grenn).   pbnt. 


Frotrta  Dilnfra 


30 

33.  H 

11.7: 

«2.* 

303 

oo,««l 

ill ' 
:oiwji 

'.mm  \ 

2,B1  ' 

o.iza* 

.IM37 

TO^ow 

UI^ 

Early-maturing  varieties  of  wheat  are,  in  general,  better  yielding 
sorts  in  Nebraska  than  are  later  maturing  ones.  There  are  some 
exceptions  to  this  rule,  however,  Turkish  Red  j-ielding  better  than 
any  earlier  maturing  variety.  The  advantages  from  early  maturilj 
have  usually  been  ascribed  to  the  cooler  weather  and  greater  supply 
of  moisture  that  obtain  in  the  early  summer.  The  hot,  dry  weather 
common  in  July  is  thought  to  prevent  the  filling  out  of  the  kernel  and 
ti)  cause  light  yield  and  light  volume  weight. 

Each  wheat  plant  on  the  breeding  plots  was  harvested  separately 
in  1903,  and  a  record  was  kept  of  the  date  of  harvesting  of  each  of 
these  plants.  These  data  have  been  tabulated  for  the  purpose  of 
showing  the  relation  between  the  length  of  the  growing  season  and 
the  yield  of  grain  from  individual  plants  of  the  same  variety. 

Table  31  contains  these  data,  tabulated  according  to  the  date  of  I 
ripening.  Plants  ripening  between  the  7th  and  llth  of  July,  1303,  ' 
form  the  first  class,  those  ripening  between  July  1 1  and  15  the  second 
class,  and  the  succeeding  classes  increase  by  four  days  until  July  27,  all  ' 
ripening  after  that  date  constituting  the  last  class.  The  dates  of  | 
ripening  thus  extend  over  a  period  of  three  weeks.  ' 

The  season  of  1903  was  a  very  wet  and  cool  one.     The  effect  of      I 
this  upon  the  wheat  crop  is  shown  by  the  fact  that  the  crop  in  the      ' 
field  was  not  ready  to  harvest  until  July  10,  while  usually  it  is  har- 
vested between  the  20th  and  30th  of  June.     Even  at  the  close  of  the 
ripening  period  the  weather  did  not  become  dry  or  hot  as  compared      \ 
with  the  normal  season.     It  will  therefore  be  seen  that  the  ordinary 
advantages  from  early  maturity  did  not  obtain,  or  at  least  not  in  the      I 
customary  way.     It  may  also  be  said  that  some  of  the  later  maturing      ; 
wheats  yielded  as  well  in  1904  as  did  the  Turkish  Red.  ] 

Table  32  is  a  summary  of  Table  31,  with  a  statement  of  the  average 
for  each  class. 

Table  33  is  a  summary  of  the  same  plants,  tabulated  according  to       ^ 
the  yield  of  grain  per  plant.  1 
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Table  34  is  a  summary  of  the  same  plants^  tabulated  according  to 
.He  percentage  of  proteid  nitrogen. 

It  is  very  evident  from  these  tables  that  the  early-maturing  plants 
ire  the  most  prolific.  The  weight  of  the  average  kernel  remains  very 
Liniform,  so  that  the  later  maturing  plants  do  not  appear  to  have  pro- 
duced shrunken  kernels.  Evidently  the  plants  ripening  during  the 
first  four  days  produced  the  largest  amounts  of  grain,  and  their  ker- 
nels were  as  heavy  as  those  produced  later.  The  smaller  productive- 
ness of  the  later  maturing  plants  in  the  season  of  1903  does  not  appear 
to  have  been  due  to  a  shnmken  or  light  kernel. 

The  percentage  of  proteid  nitrogen  appears  to  be  somewhat  less  in 
the  grain  of  the  early-maturing  plants.  The  number  of  grams  of 
proteid  nitrogen  in  the  average  kernel  is  likewise  l^ss  in  these  early- 
maturing  plants. 

The  relation  of  length  of  growing  season  to  both  yield  and  compo- 
sition of  grain  is  contrary  to  what  might  have  been  supposed.  A 
long  growing  period  without  excessively  hot  or  dry  weather  might 
naturally  be  thought  to  increase  the  yield  and  increase  the  percentage 
of  carbohydrates  in  the  grain. 

The  season  of  1904  was  very  similar  to  that  of  1903  up  to  time  of 
wheat  harvest.  The  data  for  1904,  when  tabulated,  will  serve  as  a 
check  on  the  results  obtained  in  1903. 

Table  31 . —  Yield  and  nitrogen  content  ofgrain^  tabulated  according  to  length  of  growing  period. 

DATES  RIPE:  JULY  7  TO  11,  1903. 


Record  number. 

1 
1 
1 

Date 
ripe. 

Yield 

(grams). 

1 
Percent- 
age of 
proteid 

Weight 
of  aver- 
age ker- 
nel 

(gram). 

0.01699 

Proteid  nitrogen 
(gram)  in— 

Average 
kernel. 

20.9290  , 

nitrogen. 

Kernels. 

21805 

Julv  10 

2.69 

0.56299 

0.00(M569 

2180« 

ao.. . 

14.2450 

•  2.71  1 

.02378 

.38604 

.0006444 

21807 

— do. . . 

9.4172 

2.73 

.024tW 

.  25705) 

.000<)664 

21808 

— do.. . 

19. 7446 

2.57 

.01708 

.50744 

.0004389 

21809 

— do. . . 

8.0214 

2.73 

.01919 

.21898 

.00a5238 

21810 

— do 

LOOM  \ 

2.69 

.019816 

.02772 

.0005330 

218U 

— do. . . 

11.9114 

3.75 

.021007 

.44666 

.0007877 

21812 

. . .  .do. . . 

14.8139 

4.26 

.01507 

.63107 

.0006420 

2W13 

do.. . 

4. 0"i.">H 

4.01 

.01877 

.16377 

.0007582 

55506 

Julv     8 

17.S')0») 

2.80 

.02(J62 

.4999.5 

.0005773 

55507 

do.. . 

9. 8228 

2.63 

.01949 

.25834 

.0005126 

55605 

do. . . 

10.9180 

2.M 

.02184 

.288213 

.0(XX5765 

5660ft 

■ do.. . 

11.0<)30 

2.58 

.02205 

.28580 

.0005690 

55607 

do.. . 

2.3931 

2.60 

.01734 

.W>437 

.0004665 

5.5608 

— do. . . 

i     22.5848 

2.31 

.02<i99 

.521&4 

.0006236 

55905 

do.. . 

5. 7948 

2.67 

.01751 

.15470 

.0004674 

55906 

July    7 

7.9068 

2.81 

.01()03 

.22471 

.0004.503 

55907 

.  Julv     8 

19. 39»i6 

2.59 

.02590 

..502:« 

.000«i707 

5.5908 

— do . . . 

12. 1221 

2.42 

.02175 

.29.57.5 

.0005262 

,55909 

July    9 

9.2120 

2.30 

.03a50 

.21187 

. 0007016 

56106 

July    8 

12.0161 

2.57 

.018«i6 

■  iiUdoi 

.0004795 

56107 

'  July     7 

1     14.4.556 

2.96 

.01658 

.42790 

.0004907 

56206 

1  July    8 
'....do... 

,      9.3093 

2.42 

.01829 

.22529 

.0004426 

56207 

!     10.9073 

2.34 

.02361 

.25522 

.0005524 

56208 

....do... 

13.5720 

2.61 

.02356 

.^616 

.000()I49 

56209 

i....do... 

15.8086 

2.59 

.016frl 

.40945 

.0004310 

81505 

July  10 

2.8327 

2.94 

.01940 

.08328 

.00057W 

81706 

Julv     8 

15.3928 

2.71 

.02132 

.41715 

.0O(tt778 

,    81707 

do.. . 

18.3614 

2.34 

.02336 

.42965 

.000*466 

1    81708 

do.. . 

7.3993 

2.41 

.02578 

.178;« 

.0006213 

1    81709 

do.. . 

1     16.4692 

2.28 

.02175 

.37548 

1     .00049*30 

1 
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Table  31. — Yidd  and  nitrogen  content  of  grain  f  tabulated  according  to  length  ofgrowit^ 

period— Continued . 


DATES  RIPE:  JULY  7  TO  11,  1905— Continued. 


Record  auml)er. 

Date 
ripe. 

Yield 

(grams). 

Penjent- 

ageof 

proteid 

Weight 
of  aver- 
age ker- 
nel 
(gram). 

0.02306 

Proteid  nitrogen 
(gram)  in— 

1 

Average 
kernel. 

July    8 

9.1411 

nitrogen. 

KemelA. 

81710 

1.92 

0.17550 

0.0004432 

88605 

July  10 
do... 

1.6362 

2.80 

.02731 

.04581 

.0007640 

88(506 

9.9456 

2.53 

.02068 

.25162 

.0005231 

88607 

do... 

5.1584 

2.61 

.02205 

.13463 

.0005754 

88608 

do.. . 

1.5355 

2.47 

.02075 

.03793 

.0005125 

88609 

do.. . 

9.8719 

2.42 

.02100 

.23890 

.nof»nfQ 

94907 

do.. . 

12. 1918 

2.94 

.0194S 

.35844 

.0005726 

W908 

....do... 

2.3678 

1.96 

.01894 

.01641 

.<XM»713 

v4vt.n7  L. ......... 

July    9 
ao.. . 

3.6977 

3.60 

.01696 

.13312 

.0006106 

95505 

.3146 

2.81 

.00850 

.008M 

.noo?389 

95506 

do... 

11.0548 

2.74 

.01852 

.30291 

.(IXIin«l74 

95507 

do. . . 

12.1592 

2.59 

.02029 

.31492 

.0005515 

95508 

do... 

14.4617 

2.56 

.01954 

.37023 

.OOO30Q3 

95509 

do  . . . 

2.9475 

2.48 

.02136 

.07310 

.OOOaSAIi 

95510 

do... 

2.8356 

1.81 

.01783 

.05132 

.000322» 

95705 

July  10 
ao ... 

10.3*426 

2.54 

.01626 

.26270 

.0004131 

95706 

5.1629 

2.73 

.01934 

.14095 

.0005279 

95707 

....do ... 

.7577 

2.47 

.01457 

.01872 

.00a3599 

Average . . . 

July  8. 9 

9.9067 

2.69 

.02024 

.26475 

.0005156 

t 

DATE 
July  13 

S  RIPE: 

• 

JULY  11  TO  15,  1903. 

21905 

14.3111 

2.64 

0.01809 

0.37781 

1 
0.0004777 

21906 

do... 

10.4»)0 

3.18 

.02563 

.33403 

.0008168 

21907 

....do... 

2.9248 

3.35 

.01851 

.09798 

.UU06301 

21908 

do... 

3.5574 

3.82 

.0^056 

.13589 

.0007>.5d 

21909 

— do.. . 

12. 1819 

4.43 

.02317 

.53889 

.Q01Q»5 

21911 

— do  — 

8.4593 

5.48 

.02209 

.46i56 

.0012H» 

21912 

— do. . . 

9.7236 

2.31 

.01907 

.22461 

.0004404 

219ia 

— do  — 

10.1925 

3.01 

.0a0i2 

.20680 

.00062^5 

?22a5 

— do. . . 

2.6965 

2.81 

.00953 

.07577 

.OU0S877 

22210 ' 

do... 

6.0173 

3.17 

.02019 

.19075 

.011)6401 

22211 

do... 

11.5675 

3.17 

.02062 

.36671 

.0006537 

270a5 

....do — 

16.4120 

2.63 

.01895 

.43164 

.0004984 

27205 

do... 

16.4061 

2.41 

.01841 

.39539 

.0004437 

27206 

— do. . . 

19.1854 

2.36 

.02469 

.45276 

.0005S27 

27207 

do... 

3.3266 

2.92 

.02004 

.09712 

.(masm 

27305 

—  do . . . 

5.5666 

2.58 

.020«5 

.14362 

.O0U5379 

27306 

....do... 

13.3011 

3.47 

.01945 

.32853 

.0004803 

27307 

....do... 

3.0850 

2.53 

.01847 

.07805 

.0004674 

27308 

do. . . 

4  512-i 

4.15 

.01777 

.isv-ae 

.0007373 

27505 

....do... 

12.0399 

2.12 

.02183 

.24942 

.0004627 

27506 

—  do  — 

10.0005 

2.70 

.02252 

.27003 

.0006082 

27508 

do.. . 

5. 5:24 

2.64 

.0228*; 

.14606 

.0006037 

48406 

do.. . 

3.2964 

4.87 

.01324 

.16053 

.aW6447 

48407 

— do 

11.2890 

1.50 

.01572 

.16933 

.iWLcras 

48408 

do  — 

.3485 

2.81 

.01291 

.00979 

.O0O3«27 

48409 

— do. . . 

6.4102 

2.02 

.02048 

.12989 

.0004137 

4S506 

do.. . 

9.4585 

3.20 

.01701 

.30267 

.0005444 

48507 1 

do 

1.6036 

2.64 

.02296 

.04233 

.(1006062 

48.508 1 

. ..  .do. . . 

11.2008 

2.76 

.01858 

.30986 

.0[Wil27 

48806 

do... 

9.8:346 

2.70 

.01798 

.26553 

.0004877 

55005 

— do. . . 

7.9684 

3.05 

.02028 

.2430? 

.lll«I85 

5,5006 1 

do . . . 

7.1852 

3.16 

.01593 

.22705 

.(M)I»114 

55305 

do. . . 

2. 5160 

2.48 

.01507 

.06240 

.0003/36 

55306 1 

— do  — 

4. 1323 

2.18 

.01931 

.09008 

.0004210 

55307 ' 

do . . . 

5.6864 

1.89 

.01663 

. 10747 

.0003142 

55308 ' 

do.. . 

9.5078 

2.54 

.03395 

.24150 

.0006225 

56105 

....do... 

5.7431 

2.73 

.01709 

. 156/9 

.0004667 

562a5 

do... 

6.5232 

2.51 

.01959 

.16373 

.0004917 

57005 

do.. . 

1. 5:i64 

2.71 

.01746 

.04164 

.0004731 

57006 1 

....do... 

10. 1836 

2.76 

.01453 

.28107 

.0004010 

57007 

do.. . 

3.3176 

2.65 

.01975 

.08792 

.0003333 

57105 

do... 

3.7283 

2.76 

.00916 

.10285 

.0002527 

57305 

do. . . 

8.5777 

3.19 

.01666 

.29188 

.0005826 

57306 1 

do. . . 

7.9772 

2.86 

.01838 

.22815 

.0005257 

57307 

do... 

4.7117 

2.43 

.01801 

.11445 

.0004387 

57308 

do... 

9.8378 

1.69 

.01706 

.16626 

.0002881 

57405 

do... 

.8.328 

1.98 

.02031 

.01649 

.0004023 

57406 

do.. . 

2.4923 

2.75 

.01846 

.06854 

.0005077 

57407 

.  ...do. . . 

14.9992 

2.62 

.01968 

.39297 

.0005157 
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Table  31. — Yield  and  nitrogen  content  of  grain,  tabulated  according  to  length  of  growing 

p€r«ic?— Continued. 

DATES  RIPE:  JULY  11  TO  15,  1903— Continued. 


Record  number. 


Date 
ripe. 


Yield 
(grams). 


57408.. 
57506.. 
57.507., 
57508.. 
57509.. 
57606.. 
57607.. 
57608.. 
58206.. 
58207.. 
65305.. 
65306.. 
65307.. 
65308.. 
949a5.. 
94906.. 


July  13 
....  do . . . 

do  — 

do... 

' do... 

! do... 

— do. . . 

....do... 

l....do... 

'....do... 

I. ...do... 

' do.. . 

do 

— do 

,  July  11 
— do... 

Percent- 
age of 
proteid 
nitrogen, 


12.2004 

2.61 

2. 7616 

2.80 

6.9861 

2.85 

12.0728 

2.21 

10. 6261 

2.54 

3.0790 

2.74 

16.4433 

1.73 

8.6189 

2.64 

1.3961 

2.67 

4.2207 

3.09 

1.8018 

4.92 

9.8298 

2.41 

7.0051 

2.28 

11.7006 

2.09 

4.4423 
12.3862 


2.35 
3.41 


Average..'  July  13  ,      7.6611 


2.81 


Weight 
of  aver- 
age ker- 
nel 
(gram). 

0.02047 
.01534 
.01946 
.03177 
.01739 
.02333 
.02234 
.01968 
.00943 
. 01375 
.02310 
.01807 
.01878 
.02008 
.01553 
.01808 


Proteid  nitrogen 
(gram)  in— 


Kernels. 


0.31842 
.07733 
.19905 
.26680 
.26990 
.08436 
.24847 
.22756 
.03728 
.13042 
.08865 
.23690 
.15071 
.24468 
.10439 
.42236 


Aver 
kerne 


age 
lel. 


,01887 


.20820 


0.0005343 
.0004296 
.0005545 
.0007021 
.0004417 
.0006391 
.0003865 
.0005195 
.0002519 
.0004248 
.0011365 
.0004355 
.0004282 
.0004197 
.0003650 
.0006166 


.0005290 


DATES  RIPE:  JULY  15  TO  19, 1903. 


18906 July  15 

0.9229 

3.48 

0.01420 

0.03212 

0.0004941 

21706 

do.. . 

19.3318 

4.71 

.02390 

.91052 

.0011283 

21707 

do. . . 

12.3685 

2.19 

.02125 

.27086 

.0004654 

26105 

do... 

1.8242 

3.02 

.01393 

.05.508 

.0003662 

33406 

.  July  18 
do... 

4.6045 

2.87 

.01627 

.13215 

.0004670 

34206 

1.5940 

3.73 

.01968 

.05946 

.0007340 

34208 

do. . . 

2.9886 

2.13 

.01916 

.06366 

.0004081 

37906 

.  July  15 
do... 

.2062 

2.44 

.01086 

.00503 

.0002649 

45005 

3.2340 

3.58 

.01376 

. 11575 

.0004927 

45605 

do. . . 

.7081 

2.82 

.01161 

.01997 

.0003273 

48405 

.1 do.. . 

.9701 

3.31 

.01276 

.03211 

.0001225 

48o05 

do... 

1.9154 

3.66 

.01398 

.07010 

.00a5117 

61005 

do. . . 

15. 5835 

1.34 

.01804 

.20881 

.0002422 

63105 

.  July  18 
do... 

1.5452 

3.24 

.01717 

.a5007 

.0005563 

63106 

3.3006 

2.79 

.02001 

.09208 

.OOOvWl 

66006 

do  — 

6.0090 

3.54 

.01642 

.21272 

.0005812 

72605 

do.. . 

1.1166 

4.65 

.01718 

.05192 

.0007988 

72806 

do  — 

2.0970 

3.01 

.01906 

.06312 

.00a5738 

74605 

do. . . 

7.1181 

2.60 

.017W 

.18507 

.0004638 

81705 

do.. . 

9.7922 

1.98 

.02106 

.19388 

.0004170 

88905 

.  July  16 
do . . . 

5.3069 

2.83 

.01811 

.15019 

.0005126 

88906 

9.9034 

2.65 

.01814 

.26245 

.0004807 

91905 

do. . . 

3.4436 

3.36 

.017.39 

.11570 

.ooa5^^4 

91906 

do  — 

3.5486 

2.81 

.01774 

.09972 

.0004986 

92205 

do. . . 

5.2616 

2.74 

.01.525 

.14417 

.0004179 

92206 

do. . . 

1.1074 

2.67 

.02407 

.02957 

.0006428 

92207 

do... 

3.6926 

2.55 

.01767 

.09416 

.0004505 

922U8 

do. . . 

6.6206 

2.72 

.01876 

.18008 

.0005102 

92305 

do.. . 

2.  .38.59 

2.93 

.01491 

.06991 

.0004369 

92306 

do... 

6.0091 

4.93 

.01732 

.2962.5 

.0008539 

92406 

do. . . 

8.2366 

3.11 

.02168 

.25616 

.0006741 

92407..... 

do... 

.8983 

1.66 

.01695 

.01491 

.0002814 

92408 

do... 

3.7820 

2.97 

.01827 

.11233 

.00a5426 

92409 

do. . . 

5. 7131 

2.30 

.01814 

.13140 

.0004171 

92506 

do... 

3.8709 

4.39 

.01690 

.16993 

.0007421 

92.507 

do... 

9.6779 

2.58 

.01916 

.24969 

.0004944 

92905 

do... 

2.7000 

3.50 

.01.5.34 

.094.50 

.0005369 

92906 

do.. . 

2.8816 

2.99 

.01.592 

.08616 

.0004760 

92907 

do... 

4.4673 

2.  .56 

.02040 

.11436 

.0005220 

92908 

do. . . 

3.2388 

2.32 

.01732 

.07514 

.0004018 

92909 

do.. . 

10. 13^3 

2.70 

.01916 

.27367 

.0005173 

94105 

.  July  15 

.5595 

2.67 

.02.543 

.01494 

.0006790 

94205 

.  July  16 
do. . . 

1.2117 

1.65 

.01893 

.01999 

.0003124 

94206 

7.  .5006 

2.78 

.01866 

.2as.5i 

.0005187 

94207 

do... 

13. 70.57 

2.86 

.01909 

.39199 

.00a5460 

94208 

do.. . 

3. 7S28 

3.10 

.01175 

.11727 

.0003642 

94406 

do.. . 

10.  .5.556 

2.47 

.01923 

.26073 

.0004749 

94407 

do.. . 

6.7664 

2.07 

.01615 
.01307 

.14007 

.00a3343 

94605 

do.. . 

.7319 

1.95 

.01427 

.0002.549 

94606 

do. . . 

11.8435 

1.80 

.07544 

.21319 

.0013576 

Ave 

rage. 

.  July  16.2 

5.1354 

2.87 

.01869 

.14452 

.0005222 

YIELD,   ETC.,   AS    AFFECTED    BY    GROWING    PERIOD. 
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Table  31. — Yield  and  nitrogen  content  of  grain,  tabulated  according  to  length  of  growing 

jperiod—Conimyxed. 


DATES  RIPE:  JULY  23  TO  27,  1903— Continued. 


Record  number. 
21307 

Date 
ripe. 

Julv  24 

Yield 
(prams). 

2. 5691 

Percent- 
age of 
protein 
mtrogen. 

Weight 
of  aver- 
age ker- 
nel 

(gram). 

Protein  nitrogen 
(gram)  in— 

Kernels. 

Average 
kernel. 

0.0006461 

3.04 

0.01796 

0.07810 

21705 

July  23 
ao.. . 

1.5420 

2. 45 

.QO^m 

.03778 

.0006514 

21708 

9.2850 

2.33 

.02:J81 

.21634 

.00a5.547 

21709 

— do. . . 

7.7296 

2.47 

.02141 

.19092 

.0005289 

22206 

— do. . . 

2.5712 

3.22 

.01720 

.08086 

.00a5538 

22208 

— do... 

1.9090 

3.18 

.01619 

.06071 

.0005144 

26905 

July  24 

6.4102 

2.76 

.01966 

. 17692 

.0005427    ■ 

26908 

— do. . . 

3.9797 

2.96 

.02073 

.11780 

.0006135 

27507 

Julv  23 

1.3746 

3.08 

.01833 

.0423^1 

.0005646 

27509 

do... 

5.3615 

2.90 

.02206 

.15549 

.0006399 

28805 

do. . . 

2.1851 

2.91 

.02512 

.04.^59 

.0007309 

28806...-. 

— do.. . 

14.4630 

3.02 

.02111 

.43679 

.0006376 

33106 

— do. . . 

.3089 

2.94 

.01716 

.00908 

.00a5O45 

33107 

....do... 

6.1026 

2.35 

.01919 

.14341 

.0004510    ' 

33405 

— do. . . 

8.1268 

2.03 

.01930 

. 16498 

.0003919 

34205 

— do. . . 

9.1498 

2.73 

.01972 

.24979 

.0005383    ■ 

34207 

do. . . 

13.5556 

2.84 

.02219 

.38505 

.0006273 

38506 

Julv   24 

1.6799 

2.89 

.01975 

.04855 

.0005712 

38605 

Julv  23 

1.2124 

6.85 

.01987 

.07093 

.0011627 

40205 

do.. . 

3.6302 

4.69 

.01871 

.17026 

.0008776 

40305 

— do. . . 

3.6003 

3.11 

.02011 

.11197 

.0006255 

42905 

do  — 

1.2499 

3.17 

.    .01866 

.03650 

.0005447 

44505 

I  ...do... 

5.9990 

2.94 

.017frl 

.17637 

.0005187 

44606 

'....do... 

2.5235 

2.90 

.02035 

.07318 

.0005902 

45606 

do. . . 

4.0358 

1.91 

.01834 

.07708 

.0003504 

45705 

;. . .  .do. . . 

.7532 

4.18 

.01712 

.03148 

.0007155 

45805 

1 do. . . 

1.5298 

8.3935 

.5958 

.4701 

1.84 
2.54 
3.54 
2.80 

.01234 
.01756 
.01986 
.01343 

.02815 
.21319 
.02109 
.01316 

.0002700 
.0004460 
.0007032 
.0003761 

46107 

do. . . 

50705 

do 

50706 

....do. . . 

50905 

do. . , 

2.3982 

.6893 

4.8988 

3.30 
3.10 
2.87 

.01085 
.01723 
.01814 

.07914 
.02137 

.  i40(;o 

.0003581 
.0005342 
.0005207 

55205 

July  24 
do... 

57805 

57905 

...  .do. . . 

2.4731 
7.4516 
2.54^ 

3.18 
2.95 
3.01 

.01118 
.02730 
.01082 

.078.59 
.21982 
.07656 

.00035.56 
.0008052 
.0003258 

58506 

July  23 
do.. . 

58705 

606a'> 

do.. . 

.5052 

1.87 

.01701 

.01113 

.0003180 

62805 

do. . . 

1.3451 

3.25 

.01212 

.04272 

.0003938 

74606 

do. . . 

9.6451 

2.30 

.02079 

.22184 

.0004781 

74607 

— do.. . 

8.3406 

2.56 

.01699 

.21352 

.0004349 

91305 

July  24 
do  . . 

3.0940 
2.6615 

3.21 
3.00 

.02242 
.01706 

.09932 
.07985 

.0007197 
.0005118 

92505 

1 

'             Average. . 

1 

July  23.2 

4.9015 

.IPE:  JUl 

3.1454 
15.6996 

2.93 

.01878 

\  OR  LA' 

0. 02279 
.02127 

.13654 

PER. 

0.10883 
.  .3:{441 

.0005544 

DATES  K 

:.Y  27.  190' 

3.46 
2.13 

17307 

July  27 
do. .. 

0.0007886 
.0004.531 

17405 

17506 

. . . .do. . . 

2.2881 

.7720 

1.4864 

5.3229 

3. 52 
3.80 
3.81 
3.05 

.02460 
.01795 
.01443 
.02063 

.0*'044 
.02934 
.0.5663 
.  162.35 

.aX)<<660 
.0006822 
.000.5498 
.0006292 

17507 

. . . .do. . . 

189a5 

do . . . 

20709 

do.. . 

212a5 

...  .do . . . 

2.3642 

2.8564 

3.16 
5.23 

.01922 
.01917 

.07471 
.14939 

.0006074 
.0010026 

21206 

....do... 

21207 

do.. . 

2.3066 

2.96 

.01955 

.06804 

.0005766 

21208 

. do. . . 

5. 1594 

3.24 

.01798 

. 16712 

.0005824 

21209 

do. . . 

1.4484 
3.9143 

3.61 
5.03 

.01627 
.01577 

.0)228 
.19689 

.000.5875 
.00079.34 

21210 

. . . .  do . . . 

21212 

— do.. . 

1. 7216 

2.16 

.02049 

.03718 

.0004427 

21305 

— do. . . 

6.2514 

2.67 

.020a37 

.16691 

.000.5.350 

22207 

. . . .do. . . 

3. 2787 
10.  78.'S6 
4.6754 
2.0737 
2.0390 

2.77 
2.71 
2.76 
2.63 
3. 92 

.01940 
.02066 
.022HI 
.  02W4 
.01416 

.09082 
.28560 
.1*2904 
.05454 
.07993 

.0005.374 
.0005,599 
.0006295 
.0006060 
.000.5551 

252a5 

. . . .do. . . 

25206 

. . . .do. . . 

26106 

. . .  .do. . . 

26107 

do.. . 

26805 

'....do... 

4.9456 

2.  SI 

.02248 

.1.3897 

.0006317 

28206 

' do.. . 

A..vm 

3.07 

.01996 

.  1.341.) 

.0006126 

32206 

'....do... 

10.4036 

1.81 

. 02052 

.18831 

.0003714 

32207 

— do. . . 

1.2573 

3.48 

.01822 

.04.375 

.  0006.341 

32605 

do . . . 

5.2268 

1.20 

.02323 

.06272 

.0002788 

1 

no 


IMPROVING    THE   QUALITY    OF    WHEAT. 


Table  31. — Yield  and  nitrogen  content  of  grain,  tabulated  according  to  length  of 

period — Continued. 

DATES  RIPE:  JULY  27,  1903,  OR  LATER-Continued. 


Record  number. 


Date 
ripe. 


Yield 
(grams). 


Percent- 
age of 
proteid 
nitrogen. 


32808 

33;«)5 

.   July  27 
do 

33407 

do.. . 

33408 

do . . . 

3360.5 

do. . . 

33606 

do... 

33607 

do. . . 

344a5 

.' do. . . 

34606 

do . . . 

•wHllil .......... 

37305 

3770) 

do  — 

do... 

do . . . 

37706 

. ' do . . . 

37707 

do. . . 

3790) 

3.«i0a5 

.    Aug.    4 
.    Julv  27 

3S.")a5 

j....ao... 

39205 

do. . . 

39405 

.' do... 

•KtiXin .......... 

3a507 

39606 

.    Aug.    4 
.'  Julv  27 
do. . . 

4a')a') 

.....do... 

4221)5 

42405 

43405 

do. .. 

do... 

.■ do.. . 

43505 

44605 

4610) 

.    Aug.    4 
.    July  27 
.i....do... 

46106 

.' do 

4S705 

do. . . 

49,50.5 

4990) 

do. . . 

do... 

do . . . 

5.V)0S 

do 

.58^06 

.....do... 

.)iS?l()i) 

59<)05 

do... 

do. . . 

63506 

do. .. 

WiOa') 

do . . . 

69.')06 

do.. . 

69sa5 

69>06   

do... 

do. . . 

72405 

do... 

724(r) 

do . . . 

729tt"» 

do. . . 

73,107 

do 

73.ias 

74305 

do. . . 

do. . . 

74.506 

do... 

7450S 

.  .do . . . 

7620.5 

S0105 

8140.5 

do.. . 

do... 

.  .do. . . 

81406 

do . . . 

8440.5 

...  do . . . 

.S5205 

86105 

do.. . 

do. . . 

86106 

do.. . 

1.0183  ! 
3. 1346  ' 
7.0ft« 
1.11.32  ' 
7.0596  , 
8.1890 
2.8903  I 
4.1281  I 
6. 1962 
5.0200 
6.1394 
8.09O5 
1.2069 
3.  .3004 
.9452 
2.5134 
1Z10R8 
21.5399 
9.3541 
1.9218 
1.8862 
4.6383 
4.1546 
1.8494 
1.4892 
2.8000 


4464 
1271 
6146 


1.6103 


4. 
1. 


.3615 

,2716 

.6760 

1.7280 

3.7407 

1.0469 

2.3031 

7.1828 

2.  .3986 

7.6690 

13.5696 

2.4420 

12.0136 

8. 4415 

8.2929 

2.6462 

.5572 

14.2986 

4.4222 

.4096 

.8172 

8.4407 

15. 7835 

4. 5737 

1.2391 

8.7448 

3. 4766 

.3.0282 

7.6241 


3. 
3. 
1. 


78 
41 
62 
1.39 
2.39 
2.21 
3.22 
4.33 
3.12 
3.88 
2.96 
2.64 
2.34 
2.a3 
2.53 
2.84 
3.61 
2.11 
2.88 
2.93 
3.02 
2.  .37 
2.82 
3.63 


3. 
3. 


2. 
2. 


2. 
2. 
2. 


07 
92 
13 
86 
3.00 
2.54 
13 
24 
3.62 
3.57 
3.11 
1.88 
2.43 
2.12 
2.44 
2.63 
2.50 
5.82 
1.66 
3.36 


Average.  July  27.2        4.66.?6 


95 
48 
2.39 
2.92 
1.98 
73 
.60 
.35 
1.81 
2.62 
3.31 
2.48 
2.60 
2.56 
2.63 

2.94 


Weight 
of  aver- 
age ker- 
nel 
(gram). 

0.ai«51 
.02090 

.a22n 

.01446 
.02343 
.02144 
.02125 
.01994 
.02213 
.01880 
.01987 
.01972 
.02155 
.01710 
.02555 
.01808 
.02252 
.02089 
.02093 
.02869 
.01699 
.01341 
.02444 
.01967 
.02251 
.02258 
.01555 
.02049 
.01775 
.01964 
.01652 
.01898 
.02939 
.01516 
.01732 
.02049 
.01355 
.01880 
.01568 
.02073 
.02047 
.02220 
.02153 
.0.3963 
.01929 
.01.585 
.02229 
.02291 
.02047 
.01781 
. 01434 
.01695 
.02165 
.01862 
.01721 
.02043 
.01625 
.01495 
.01749 

.01992 


Prot«ld  nitrogen 
(gram)  in — 


Kernels. 


0.03849 
.10689 
.11223 
.01547 
.16872 
.18098  I 
.09307 
.17875 
.19332 
.19478 
. 18173 
.2:»98 
.02824 
.09670 
.02391 
.07138 
.43713 
.45435 
.21399  ' 
.05631 
.05696 
.10967 
. 11716 
.06713 
.04572 
.08176 
.05974 
.0322} 
.13843 
.04090 
.1.3652 
.04120 
.02436 
.06169 
.11636 
.0^60 
.05596 
.15228 
.05853 
.20170 
.3392.) 
.14213 
.19943 
.283&3 
.24464 
.06563 
.01332 
.41752 
.08756  I 
.01118 
.02125 
.19836 
.28569 
.11710 
.04101 
.21687 
.09(89 
.07964 
.20052 


Average 
keraei. 


0.0000998 
.0007126 
.0003679 
.OrJO2O09 
.0005605 
.0004738 
.0006843 
.000^635 
.0006904 
.0007295 
.0005881 
.000*027 
.0005053 
.0005010 
.0006433 
.0005135 
.0007764 
.0004407 
.0006027 
.0008404 
.0005132 
.0003177 
.0006892 
.0007142 
.0006927 
.0006594 
.0006423 
.0005861 
.0005334 
.00l>4ff<S 
.00O'»171 
.00061« 
.0010540 
.O00S4I1 
.0005386 
.00O3S53 
.0003292 
.00O39M 
.0»O>25 
.0005451 
.0005117 
.0012921 
.OU03574 
.0013316 
.0005689 
.0003930 
.0005527 
.0006539 
.0004054 
.0004862 
.0003728 
.00039^2 
.  0005919 
.0004879 
.0005697 
.0005067 
.0004224 
.000^923 
.0004599 
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32. — Summary  of  yield  and  nitrogen  content  of  grainy  tabulated  according  to  length  of 

growing  period. 


*laxit8  grouped  according  to 
date  ripe. 


Illy  7  to  11 

uly  11  to  15... 
uly  15  to  19... 
u.ly  19  to 23... 
uly  23  to  27... 
uly  27,  or  later 


Num- 
ber of 
anal- 
yses. 


49 
65 
50 
56 
52 
83 


Average 
date  ripe. 


July  8. 9 
July  13 
July  16 
July  20 
July  23 
July  27 


Percent- 
Yield    I    age  of 
(grams),    proteid 
nitrogen. 


9.9067 
7.6611 
5.1354 
6.5399 
4.9015 
4.6636 


2.69 


81 
87 
93 
93 
94 


Weight 
of  aver- 
age 
kernel 
(gram). 


0.02024 
.01887 
.01869 
.018845 
.01878 
.01992 


Proteid  nitrogen 
(gram)  in— 


Kernels. 


0.26475 
.20820 
. 14452 
.18064 
.13654 
.12854 


Average 
kernel. 


0.0005356 
.0005290 
.0006222 
.0QaM82 
.0005544 
.0005800 


Table  33. — Summary  of  nitrogen  content ^  etc.,  tabulated  according  to  yield  per  plant. 


Plants  grouped  according  to 
yield  (in  grams). 


Below  1 

1  to  2.5 

2^  to  5 

5  to  10 

10  to  15 

13  to  20 

More  than  20 


Num- 
ber of 
anal- 
yses. 


31 
67 
88 
94 
52 
20 
4 


Average 
date  ripe. 


July  20. 2. 
July  21. 9. 
July  20. . . 
July  18.3. 
July  15. 1. 
July  15.1. 
July  14.5. 


Yield 

(grams). 


0.6049 

1.7673 

3.5683 

7.6706 

12.2573 

17.1908 

23.7186 


Percent- 
age of 
proteid 
nitrogen. 


91 
09 
03 
68 
71 
2.54 
2.55 


Weight 
of  aver- 
age 
kernel 
(gram). 


0.01683 
.01852 
.01796 
.01997 
.02168 
.02ia3 
.02159 


Proteid  nitrogen 
(gram)  in— 


Kernels. 


0.01731 
.05456 
.10794 
.20270 
.33433 
.43921 
.60401 


Average 
kernel. 


0.0004916 
.0005730 
.00a'>}45 
.0005351 
.0005774 
.0005382 
.0005450 


Table  34. — Summary  of  yield,  etc.,  tabulated  according  to  nitrogen  content. 


Plants  grouped  according  to 
percentage  of  nitrogen. 


Below  1.5... 
1^  to2 

2  to  2.25.... 
2.25  to  2.5... 
2.5  to  2.75... 
2.75  to  3 

3  to  3.25 

3.25  to  3.5... 

3.5  to  4 

More  than  4 


Num- 
ber of 
anal- 
yses. 


4 

25 
18 
47 
82 
67 
47 
20 
23 
25 


I  Percent- 
Average        Yield        age  of 
date  ripe,    (grams).  |  i)roteid 
i  '  nitrogen. 


Julv22. 
July  18. 
July  19. 
July  17. 
July  16. 
July  19. 
July  21. 
July  20. 
July  21. 
July  19. 


5. 
5. 
8. 
3. 
3. 
6. 
2. 
7. 
5. 
5. 


5.8099 
2.7423 
8.9512 
7.3389 
8.0817 
5.9093 
4.4497 
4.6756 
3.6486 
4.5131 


1.35 
1.80 
2.12 
2.39 
2.63 
2.85 
3.11 
3.37 
3.68 
4.72 


Weight 
of  aver- 
age 
kernel 
(gram). 


0.01709 
.02124 
.02030 
.02000 
.01938 
.01910 
.01824 
.01870 
.01852 
.01819 


Proteid  nitrogen 
(gram)  in— 


KO""'"'    tlST 


0.07290 
.11620 
.19070 
.1W78 
.21280 
.16609 
.13»47 
.15189 
.13513 
.21239 


0.0002266 
.0003867 
.0004325 
.0004773 
.00a5102 
.00a5454 
.0005667 
.0006213 
.0006807 
.0008639 


RELATION    OF    SIZE    OF    HEAD    TO    YIELD, 

TILLERING  OF  PLANT. 


HEIGHT,    AND 


The  size  of  the  head  has  always  been  considered  to  be  closely  con- 
nected w^ith  the  productiveness  of  wheat.  The  well-known  work  of 
Hallet  in  increasing  the  yielding  qualities  of  wheat  is  perhaps  the 
best  example  of  wheat  improvement  by  the  selection  of  plants  having 
large  heads.  Whether  large  heads  or  a  large  number  of  medium- 
sized  heads  on  a  plant  are  more  desirable  is  still  a  question. 

Table  35  gives  the  yields,  etc.,  of  between  300  and  400  plants,  tab- 
ulated according  to  the  number  of  kernels  on  the  head.  Table  36 
is  a  summary  of  these,  while  Tables  37  and  38  consist  of  the  same 
data  tabulated  according  to  the  yield  per  plant  and  yield  per  head, 
respectively. 
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It  will  be  seen  from  Table  36  that  the  heads  of  slightly  more  than 
medium  size  produced  the  largest  yields  of  grain ;  that  the  weight  of 
the  average  kernel  did  not  increase  with  the  size  of  the  head,  nor  did 
it  decrease  except  on  the  very  lai^est  heads;  that  the  plants  vilb 
somewhat  more  than  average-sized  heads  were  the  tallest,  and  thai 
the  plants  with  medium-sized  heads  or  sUghth'  less  tillered  most 
largely. 

Table  37  shows  that  with  an  increased  yield. per  plant  there  is  a 
constant  increase  in  the  height  and  tillering  of  the  plant. 

Table  38  indicates  that  the  yield  per  head  and  yield  per  plant  do 
not  increase  together,  but  that  the  largest  yielding  plants  are  those  erf 
medium  yield  per  head.  The  same  would  seem  to  be  true  of  the 
height  and  tillering  of  the  plant.  The  weight  of  the  average  kernel 
increases  quite  uniformly  with  the  yield  per  head. 

In  considering  these  results  it  must  be  borne  in  mind  that  these 
plants  were  grown  6  inches  apart  each  way,  and  were  therefore  not 
under  the  conditions  that  would  obtain  in  a  thickly  drilled  or  broad- 
casted field,  where  lack  of  abilitj^  to  tiller  would  be  compensated  for 
by  the  larger  number  of  plants.  However,  the  variety  of  wheat 
yielding  best  in  Nebraska  is  one  having  only  a  medium-sized  or 
even  small  head,  as  compared  with  most  wheats,  but  it  is  a  strong- 
tillering  variety. 

Table  35. — Relation  of  size  of  head  to  yields  height  j  and  tillering  of  pLmt, 

SIZE  OF  HEAD,  BELOW  18  KERNELS. 


Record  num-  \ 
lier. 

1 

Sl/e  of 
head. 

Yield  per 

plant      I 
(grama). 

1 

Yield  per 
heaa 

(gnuns). 

Weight  of 

average 

kexnel 

(grams). 

Height 

(cm). 

iTillerinp. 

1 

17308 

15.2 

1.2275    ; 

0.3009 

0.02012 

50 

1 

5 

1740») 

15.5 

2.0907    1 

.2613 

.01686 

65 

11 

18S05 

15.2 

2. 1462 

.2385 

.01567 

65 

18 

2f)7(W 

13.6 

2.4690    ' 

.2743 

.02024 

60 

11 

21211 

10.0 

.2806 

.2806 

.02806 

45 

2 

22209 

15.5 

.4336 

.2168 

.01399 

70 

6 

21J805 1 

15.7 

4.9456 

.3533 

.02248 

68 

2S 

32207 

13.8 

1.2573    ' 

.2515 

.01822 

47 

5 

O  f  \f\.Mv  ■■■••••■ 

12.3 

.9462    , 

.3151 

.02555 

52 

3 

39506 

11.2 

1.9218    ' 

.3203 

.02869 

48 

6 

42206 

12.5 

.3161    : 

.1580 

.01264 

63 

5 

44607 

12.6 

2.5235 

.2281 

.02035 

52 

12 

48408 

13.5 

.3485 

.1742 

.01291 

45 

3 

499a5 ' 

11.5 

.6760    1 

.3380 

.02939 

49 

2 

50705 

15.0 

.5958 

.2979 

.01986 

40 

3 

73307 , 

12.5 

.5572 

.2786 

.02229 

46 

4 

74506 

12.5 

.4096    , 

.2048 

.01781 

68 

2 

W105 

11.0 

.5595 

.2797 

.02543 

51 

1 

Average  . . 

13.3 
SIZE 

1.3169 

.2654 

.02059 

55.2 

• 

6.9 

OF  HEAD, 

16  TO  20 

KERNELS 

■ 

17410 

19.1    \ 

16.9987    1 

0.4358 

0.02285 

84 

46 

21205 

17.6 

2.3642 

.3378 

.01922 

55 

10 

213tt5 ' 

16.4 

6.2514    1 

.3290 

.02004 

65 

21 

21307 1 

17.9 

2.5691 

.3211 

.01796 

53 

10 

217a5 i 

19.3. 

1.5420 

.5140 

.02650 

73 

3 

21710 1 

1 

19.7 

.8478    ; 

.2826 

.01437 

50 

ft 

1 

RELATION   OF   SIZE   OF   HEAD  TO   YIELD,  ETC. 
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Table  35. — Relation  of  size  of  head  to  yield j  height,  OTid  tillering  of  plant — Continued. 

SIZE  OP  HEAD,  16  TO  20  KERNELS    Continued. 


Record  num- 
ber. 


Size  of 
head. 


Yield  per 

plant 
(grams). 


21807 1 

22207 1 

22208 

26906 

26909 

28206 

33106 

37706 

37906 

38005 

aS607 ' 

3860S I 

38«iO'.) ' 

422a5 1 

4460r> 

•J4606 

484a5 

50706 

55905 

55906 

56ia') 

56207 

57307 

697a') 

745as 

81708 

886as 

92207 ' 

92505 

95510 j 

Average  . . 


18.8 
18.8 
16.8 
19.0 
18.0 
19.9 
18.0 
18.7 
19.0 
19.8 
19.0 
17.6 
19.5 
18.8 
18.3 
17.7 
19.0 
17.5 
18.4 
19.2 
17.7 
17.7 
16.3 
17.4 
19.0 
19.1 
18.5 
19.0 
17.3 
19.9 


18.4 


9.4172 
3. 2787 
1.9090 
4.2376 
2.9999 
4.3698 

.3089 
1.2069 

.2063 
2.5134 

.3037 
3.0228 
6. 7r)65 
1.8494 
1.1271 
2.5235 

.9701 

.4701 
5.7948 
7.9968 
5. 7431 
10.9073 
4.7117 
3. 7810 

.8172 
7.3993 
1.535.5 
3.6926 
2.6615 
2.8356 

3.7758 


Yield  per 

head 
(grams) . 


0.4709 
.3643 
.2727 
.3531 
.3000 
.3972 
.3089 
.  402:3 
.2063 
.3591 
.3037 
.3359 
.4511 
.1699 
.3757 
.3605 
.2425 
.2350 
.3219 
.3076 
.3023 
.4195 
.2W5 
.2701 
.2724 
.4933 
.3839 
.3357 
.2957 
.3544 

.3383 


Weight  of 

average 

kernel 

(grams). 

0.02498 
.01940 
.01619 
.01859 
.01667 
.01996 
.01716 
.021.55 
.01086 
.01808 
.01598 
.01913 
.02309 
.01967 
.02049 
.02035 
.01276 
.01343 
.01751 
.01603 
.01709 
.02361 
.01801 
.01550 
.01434 
.02578 
.02075 
.01767 
.0170(i 
.01783 

.01862 


Height 
(cm.). 

Tillering. 

1 

1 

77 

25 

65 

16 

57 

8 

70 

16 

50 

10 

80 

26 

43 

2 

42 

4 

.50 

2 

53 

56 

fK) 

65 

68 

53 

52 

55 

38 

to 

85 

70 

84 

67 

88 

50 

86 

69 

73 

68  '• 

70  ' 


64.1 


SIZE  OF  HEAD,  20  TO  24  KERNELS. 


7 

2 

11 

6 

6 

3 

8 

5 

2 

34 

40 

35 

42 

17 

28 

4 

20 

4 

15 

12 

8 


13.7 


17305 

22.9 

3.6302 

0.4538 

0.01981 

61 

12 

1740S 

23.7 

9.20:3.S 

.438:3 

.018.52 

73 

24 

17507 

21.5 

.7720 

.3860 

.01795 

78 

4 

20705 

21.8 

1.8517 

.3703 

.01698 

.55 

6 

2r)70ri 

2:3.3 

3.3i:38 

.4734 

.020:33 

61 

7 

20707 

21.1 

9.9070 

.4718 

.02282 

75 

22 

20709 

23.5 

5. 3229 

.4839 

.020<i3 

67 

13 

21207 

23,6 

2. 3a)6 

.4613 

.01955 

(M) 

6 

212J2 

21.0 

1.7216 

.4304 

.02049 

50 

5 

21.W*) 

22.6 

4. 1516 

.4152 

.01837 

60 

11 

21707 

23.3 

12. 3<iS5 

.4947 

.0212,5 

90 

2i 

21708 

20.5 

9.2850 

.4887 

.02:381 

85 

26 

21809 

20.9 

8. 0214 

.4011 

.01919 

84 

25 

21811 

21.0 

11.9114 

.4412 

.02101 

87 

29 

21812 

22.9 

14.8139 

.3445 

.01.507 

90 

54 

21907 

22. 6 

2.9248 

.4178 

.018.51 

82 

8 

22205 

2:3.6 

2. 6965 

.2247 

.009.53 

W) 

54 

26106 

22.5 

2.0737 

.5184 

.02304 

60 

9 

26806 

21.7 

2. 72.5.5 

.3894 

.01793 

5«J 

12 

26807 

21.8 

17. 2324 

.5222 

.02390 

76 

40 

27207 

20.7 

3.  .3266 

.41.58 

.02004 

75 

9 

27307 

2:3.8 

3.08.V) 

.4407 

.01.8.47 

80 

10 

275a5 

21.6 

12.0399 

.4815 

.02183 

84 

38 

28805 

21.7 

2.1851 

.54«)3 

.02.512 

65 

6 

33105 

22.0 

2.5601 

.4267 

.01939 

65 

12 

33405 

23.4 

8. 12m 

.4515 

.01930 

68 

20 

33407 

21.8 

7.0889 

.6063 

.02271 

67 

18 

33906 

23.8 

2.2862 

.4572 

.01921 

67 

9 

3860^i 

22.3 

8.4605 

.4700 

.02110 

71 

24 

3870<) 

21.5 

7.2545 

.42<'.7 

.01988 

75 

30 

40405 

23.0 

.6316 

.3158 

.01373 

,54 

3 

43505 

23.2 

1.44(>4 

.3616 

.01555 

45 

3 

45605 

20.3 

.7081 

.23«i0 

.01161 

55 

6 

4.5705 

22.0 

.7.532 

.3766 

.01712 

.58 

6 

48106 

21.0 

11.66,55 

.4023 

.01919 

79 

39 

483a5 

23.6 

12.0278 

.6014 

.02.543 

81 

28 

48406 

22.6 

3.2964 

.2997 

.01324 

f>8 

13 

48507 

23.3 

1.6036 

.5345 

.02296 

63 

7 

27889— No.  78—05- 


-8 


SIZE  OF  HEAD,  20  TO  21  KERNELS— Con 


Record  num- 
ber. 

iiSd"' ;  ''p^'^  ^''^^'  "SF' 

H^eht 

i 
TiDfring.1 

48806 

"1 

0             B8346    ■        0 

3782         0 

oi;s« 

12    i 

5*a»s 

X 

0             -««3    ' 

»« 

OMM 

56 

W 

919011 

'" 

0           3.4«fl    ! 

UI7» 

j; 

r' 

M 

,J 

'" 

toon 

1* 

92607 

7i 

0           9.fl7T9 

4288 

01916 

St 

2$  : 

22 

2           R.SteA    , 

4K5 

om« 

73.S 

21..    I 

SIZE  OF  HEAD.  31  TO  28  KERNELS. 


01M5 

66     ' 

17W9 

25 

[J 

5032 

01974 

77                 3 

11711 

it 

B            14 

1K»    . 

4773 

01B6S 

S         i 

21WIS 

25 

96 

119IJ 

K 

3     1       lU 

IB25    , 

5W2 

02072 

S        1 

SMJW 

24 

5oei    , 

50 

33305 

25 

IJW    1 

5224    1 

02090 

25 

J711 

014M 

M    j 

RELATION   OF   SIZE   OK   HEAD   TO   YIELD,    ETC. 
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'Fa.ril.e  35. — Relation  of  size  of  head  to  yields  height,  and  tillering  of  plant — Continued. 

SIZE  OF  HEAD,  24  TO  28  KERNELS— Continued. 


Record  num- 
ber. 


33605. 
3360A. 
33607. 
33905. 
34207. 
37705. 
39507. 
45€06. 
48306. 
48407. 
48409. 
48505. 
48508. 
55506. 
56107. 
57509. 
57606. 
57607. 
67608. 
5S206. 
63506. 
65305. 
65306. 
65308. 
66008. 
695a'>. 
60805. 
69806. 
72e06. 
72607. 
72905. 
74607. 
80305. 
81406. 
81710. 
84906. 
85205. 
86ia5. 
8610(). 
88f.06. 
88f.09. 
88905. 
92205. 
92405. 
92407. 
92907. 
94206. 
94208. 
94407. 
94907. 
94908. 
94909. 
95506. 
95507. 
9.5508. 
95705. 
95707. 


Size  of 
head. 


Average , 


175a5. 
17506. 
20805. 
21208. 
21209. 
21210. 
21805. 
21905. 
21906. 
21908. 
21909. 
21911. 


27.4 

27.3 

27.2 

26.7 

26.6 

25.6 

27.8 

24.4 

26.2 

26.6 

26.2 

27.4 

27.4 

27.1 

24.9 

27.8 

26.4 

27.3 

24.3 

24.7 

25.5 

26.0 

25.9 

26.5 

24.9 

25.5 

27.5 

27.9 

27.1 

26.9 

27.8 

25.8 

25.1 

24.0 

24.7 

25.5 

26.7 

25.4 

27.2 

25.3 

24.7 

26.6 

26. 

26. 

26. 

24. 

25.1 

24.8 

26.2 

27.2 

25.0 

24.2 

25.9 

26.0 

25.5 

26.5 

26.0 


5 
7 
5 
3 


25.9 


Yield  per 
plant 

Yield  per 
head 

Weight  of 

average 

kernel 

Height 

(cm.). 

Tillering. 

(grams). 

(grams). 
0.6418 

(grams). 
0.02346 

7.0596 

65 

14 

8.1800 

.5489 

.02144 

72 

17 

2.8903 

.5781 

.02125 

58 

6 

11.1476 

.5867 

.02194 

77 

23 

13.5556 

.5894 

.02219 

77 

22 

8.0905 

.4495 

.01972 

60 

22 

1.8862 

.4715 

.Olt.99 

59 

4 

4.0358 

.4484 

.01834 

59 

13 

2.6571 

.4428 

.Olf.92 

58 

7 

11.2890 

.4181 

.01572 

82 

53 

6.4302 

.6358 

.02048 

74 

19 

1.9154 

.38.31 

.01398 

70 

7 

11.2008 

.5091 

.01858 

80 

36 

17.8506 

..■>578 

.02062 

95 

68 

14.4556 

.3023 

.0ir58 

90 

49 

10.6261 

.4830 

.01739 

84 

37 

3.0790 

.6168 

.02333 

78 

8 

16.4433 

.6090 

.02234 

87 

48 

8.6189 

.4788 

.01968 

83 

38 

1.3961 

.2327 

.00943 

75 

29 

2.3986 

.3998 

.01568 

64 

7 

1.8018 

.f.006 

.02310 

65 

10 

9.8298 

.4681 

.01807 

75 

28 

11.7066 

.5321 

.02008 

n 

36 

3.1555 

.4505 

.01814 

76 

8 

4.7116 

.4712 

.01847 

66 

13 

2.4420 

.6105 

.02220 

62 

7 

12.0136 

.6007 

.02163 

75 

28 

9.3629 

.4681 

.01724 

82 

26 

3.4442 

.4920 

.01832 

74 

8 

2.M62 

.4410 

.01686 

59 

5 

8.340(i 

.4390 

.011.99 

76 

31 

15.7835 

.5442 

.02165 

70 

33 

1.2391 

.4130 

.01721 

55 

3 

9.1411 

..5713 

.02308 

90 

24 

7.W38 

.6029 

.01975 

65 

16 

3.4766 

.  4386 

.01625 

65 

11 

3.0282 

.3786 

.01495 

68 

4 

7.6241 

.4766 

.01749 

76 

25 

9.W56 

.6234 

.02068 

86 

23 

9.8719 

.6196 

.02100 

74 

26 

6.3069 

.4824 

.01811 

82 

17 

5.2616 

.4047 

.01525 

72 

18 

3.4356 

.4294 

.01605 

78 

10 

.8983 

.4491 

.01695 

68 

2 

4.4673 

.4964 

,02040 

84 

10 

7.5006 

.4688 

.01866 

76 

19 

3.7828 

.2909 

.01175 

71 

19 

6.7664 

.4229 

.01615 

82 

23 

12. 1918 

.5301 

.01948 

86 

23 

2.3678 

.4736 

.01894 

73 

9 

3.6977 

.2631 

.01^96 

72 

9 

11.0548 

.4806 

.01852 

86 

25 

12.1692 

.5527 

.02029 

90 

22 

14.4617 

.4987 

.01954 

97 

31 

10.3426 

.4309 

.01626 

SO 

31 

.7577 

.3788 

.01457 

67 

4 

21.2 

7.5207 

.4848 

.01874 

73.8 

SIZE  OF  HEAD,  28  TO  32  KERNELS. 


7 
7 

7 


29.0 

31.0 

31. 

28. 

29. 

29.6 

29.3 

28.2 

31.4 

28.8 

30.9 

29.5 


0.3885 

2.2881 

14.6942 

5.1594 

1.4484 

3.9143 

20.9290 

14.3111 

10.4800 

3.5574 

12. 1819 

8.4593 


0.3885 
.  7627 
.6679 
.51.59 
.4828 
.  4H93 
.4983 
.5111 
.8062 
.  ,5929 
.71B6 
.6597 


0.01340 
.02460 
.02157 
.01798 
.01627 
.01577 
.01699 
.01809 
.02.5*i3 
.02a56 
.02317 
.02209 


46 
55 
85 
63 
51 
59 
91 
92 
88 
92 
8ti 
90 


7 

6 

30 

11 

6 

8 

48 

62 

27 

9 

29 

23 
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Table  35. — ReUUion  of  size  of  head  to  yield,  height ,  and  tillering  of  p&m/— CoDtiined. 

SIZE  OP  HEAD,  28  TO  32  KERNELS— Continued. 


Record  num- 
ber. 


22206. 
22211. 
26107. 
270O5. 
27206. 
27306. 
27308, 
2750». 
32206. 
32»)05. 
32606. 
342a5. 
34208. 
37305. 
38.'ia5. 
38o06. 
3S605. 
3W05. 
39006. 
40305. 
44505. 
450a"). 
458a'). 
46107. 
509a5. 
50906. 
55005. 
55006. 
S')007. 
5520(). 
5530J'). 
55307 . 
55507. 
56106. 
57006. 
57407. 
58207. 
58,'305. 
5SS()6. 
59f.()6. 
6;J.j05. 
65307. 
66005. 
69r)0<> . 
71905. 
72406. 
727»>. 
72707 . 
7620«>. 
8890»K 
9240S. 
ft29()S. 
94205. 
94207. 
t)4209. 
9440(>. 
94605. 
04606. 
949a5. 
94006. 
95706. 


Size  of 
head. 


Yield  per  i  Yield  per 

plant  heaa 

(grams).      (grams). 


29.2 
28.0 
28.8 
28.9 
28.8 
28.5 
31.7 
30.4 
28.2 
28.1 
31.3 
30.9 
31.2 
30.9 
29.6 
28.3 
30.5 
31.9 
31.4 
29.8 
30.9 
29.4 
31.0 
31.9 
31.6 
28.5 
30.2 
30.1 
29.5 
30.4 
30.6 
31.1 
31.5 
28.0 
30.5 
31.8 
30.7 
31.1 
31.7 
29.8 
29.7 
31.1 
30.8 
30.1 
•29.3 
30.7 
29.5 
28.1 
29.8 
30.3 
29.6 
31.2 
31.3 
29.9 
31.7 
28.9 
28.0 
29.9 
31.8 
29.8 
29.7 


1, 
7. 

/, 

2. 
11. 


2.5712 

11.5675 

2.0390 

16.4120 

19.1854 

13.3011 

4.5123 

5.3615 

10.4036 

5.22t:8 

2.0162 

9.1498 

2.9SSA 

6.1394 

12.1088 

1.6799 

1.2124 

9.3541 

4.6383 

3.6003 

t)«  •Wyu 

3.2340 

1.5298 

8.3935 

2.3982 

.7280 

.9684 

.1852 

1571 

.3592 

4.1323 

5.6864 

9.8228 

12. 0161 

10. 1836 

14. 9992 

4.-2207 

7.4516 

1.9469 

9.7084 

4.0230 

7.0051 

7.6690 

13.5696 

28.2136 

8.2929 

14.6802 

4.5806 

5.4411 

9.9034 

3.7820 

3.2388 

1.2117 

13.7057 

3.6006 

10.5556 

.7319 

11.8435 

4.4423 

12.3862 

5.1629 


Average.         30. 1 


7.4992 


0.5142 
.5784 
.4078 
.5471 
.7106 
.5542 
.5640 
.6702 
.5779 
.6533 
.6721 
.6100 
.5977 
.6139 
.6373 
.5<*00 
.6062 
.6681 
.4217 
.6000 
.5453 
.4042 
.3824 
.5595 
.342ti 
.4320 
.6129 
.4790 
.5393 
.5978 
.5903 
.5169 
.6139 
.5224 
.4427 
.6250 
.4221 
.6210 
.6489 
.5109 
.5747 
.5838 
.6391 
.6168 
.6561 
.5923 
.7340 
.5726 
.3«>27 
.5502 
.5403 
.5398 
.4039 
.5711 
.6001 
.5556 
.3659 
.5383 
.4936 
.5385 
.5736 


Weight  of 

average 

kernel 

(grams). 


.5598 


0.01720 
.02062 
.01416 
.01895 
.02469 
.01945 
.01777 
.02206 
.02052 
.02323 
.02145 
.01972 
.01916 
.01987 
.02252 
.01975 
.01987 
.02093 
.OL-Ml 
.02011 
.01764 
.01376 
.01234 
.01756 
.010S5 
.01516 
.02028 
.01593 
.01828 
.01965 
.01931 
.01663 
.01949 
.01866 
.01453 
.01968 
,01375 
.02730 
.02049 
.01712 
.01934 
.01878 
.02073 
.02047 
.02239 
.01929 
.02481 
.02036 
.01217 
.01814 
.01827 
.01732 
.01893 
.01909 
.01895 
.01923 
.01307 
.07544 
.01553 
.0180$ 
.01934 


.01958 


Height 
(cm.). 


70 
88 
67 
77 
90 
88 
88 
73 
71 
71 
69 
78 
66 
58 
70 
54 
55 
74 
64 
62 
69 
66 
48 
79 
68 
58 
75 
80 
65 

it 

80 

95 

90 

S8 

92 

75 

80 

65 

80 

66 

74 

75 

73 

80 

70 

80 

72 

73 

80 

81 

76 

55 

83 

75 

82 

68 

81 

75 

91 

82 

74.5 


Tillerfaig. 


9 

6 
40 
« 
48 
II 

9 
% 

9 

3 
19 

5 
12 
21 

3 

2 

\l 

IS 

6 

25 
9 
4 

27 
10 
5 

19 

19 
7 

27 

17 

19 

28 

33 

41 

41 

IS 

IS 
I 

37 
8 

17 

23 

24 

46 

15 

Tt 

30 
21 

i 

« 
31 

7 
22 

^    I 

11    ' 

24    I 
9   ' 

19.4 
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Table  35. — Relation  of  size  of  Tiead  to  yields  height,  and  tUlering  of  'plant — Continued. 

SIZE  OF  HEAD.  32  TO  36  KERNELS. 


Record  num- 
ber. 

Size  of 
head. 

Yield  per 

plant 
(grams) . 

3. 1454 

Yield  per 

heaa 
(grams). 

Weight  of 

average 

kernel 

(grams). 

0.02279 

Height 
(cm.). 

TiUoring. 

17307 

34.5 

0.7863 

70 

8 

l«9(tt 

34.3 

1.4864 

.4955 

.01443 

50 

4 

2(iia') 

32. 7 

1.8242 

.45fi0 

.013^^3 

69 

13 

2t;*«»7 

34.0 

1.8276 

.6092 

.01792 

55 

8 

28KH» 

34.2 

14. 4ti30 

.7232 

.02111 

75 

30 

34405 

34.5 

4.1281 

,6881 

.01994 

62 

8 

34fiOfi 

35.0 

6. 19(i2 

.7745 

.02213 

61 

13 

36900 

33.4 

5.0200 

.6275 

.018«0 

58 

7 

i    :w2a5 

32.2 

21..'>:J99 

.6731 

.02089 

82 

40 

•    42405 

33.0 

1.4892 

.7446 

.02251 

60 

2 

1     42iK)5 

;«.5 

1.2499 

.6249 

.01»><i 

68 

4 

4K506 

32.7 

9.4585 

.5564 

.01701 

82 

30 

m:m 

XJ.5 

1.2716 

.63.58 

.01898 

60 

3 

510a5 

34.5 

15.5835 

.6233 

.01804 

75 

32 

65008 

33.7 

17.4226 

.6222 

.01846 

82 

30    j 

sssa") 

33.4 

2.5160 

.5032 

.01507 

75 

12    1 

5.5308 

33.1 

9.  .5078 

.7923 

.02395 

79 

28     . 

55tia5 

3:j.3 

10.9180 

.7279 

.02184 

89 

23 

5.5607 

34.5 

2.:J931 

..5983 

.017:M 

1 1 

7 

65»i08 

33.5 

22.5848 

.9034 

.(y2ri99 

95 

31     1 

57007 

;«.6 

3.3176 

.  eHao 

.01975 

90 

9     , 

1    57406 

33.7 

2.4923 

.6231 

.01>W) 

92 

14 

57408 

3.).0 

12.2004 

.7177 

.02047 

90 

26 

5SS05 

35.1 

23. 1471 

.7014 

.01«)9 

78 

51 

mm 

35.0 

.5952 

..59.52 

.01701 

57 

4    ■ 

i    60305 

34.3 

2.0430 

.6810 

.01984 

70 

7    ' 

!    72K15 

35.5 

8.4415 

1.4069 

.03963 

67 

6 

'    7270S 

3:).  2 

9.0386 

.7532 

.02270 

78 

12    ' 

,    73308 

34.7 

14.2986 

.7944 

.02291 

74 

23 

8.")206 

34.2 

4.9315 

.4483 

.01312 

69 

13    ' 

'    8S<i05... 

34.5 

l.»)362 

,8lSl 

.02731 

70 

3 

91305 

34.5 

3.0940 

.7735 

.02242 

76 

6 

92208 

3.5.3 

6.6206 

,6621 

.01876 

78 

17 

92406 

34.5 

8.2;«)6 

.7488 

.02168 

81 

17 

92409 

35.0 
35.2 

5.7131 
2.7000 

.r,348 
.MOO 

.01814 
.01.534 

81 
75 

13     1 

92905 

6 

92909 

33.1 

10. 13()3 

.()335 

.01916 

86 

21 

95509 

Average. 

34.5 

2.9475 

.7369 

.02136 

74 

4 

34.1 
SIZE  O] 

7.2530 

?  HEAD,  36 
0.9229 

.«)868 

.02023 

73.9 

15.4 

. KERNEL 

S  AND  OV 

ER. 

18906 

65.0 

0.9229 

0.01420 

67 

5 

21813 

43.2 

4.0258 

.80.51 

.01877 

80 

21 

34206 

40.5 

1.5940 

.7970 

.019f.8 

74 

5 

37707 

38.6 

3.3(X>4 

.6601 

.01710 

(>4 

5 

402a5 

as.  8 

3.6;?02 

.  72r.o 

.01871 

65 

11 

4a%5 

42.5 

4.  ir>46 

1.0386 

.02444 

60 

4 

43405 

41.3 

2.8000 

.9333 

.022.58 

iW 

3 

461(J5 

37.1 

4.6146 

.  6.502 

.01775 

73 

8 

487tt5 

44.0 

4.3615 

.  7269 

.01652 

80 

7 

48706 

47.4 

6. 198*5 

.7748 

.01635 

78 

12 

55.=)08 

3^1.0 

3.7407 

.6222 

.01732 

73 

12 

574(»5 

41.0 

.  8:i28 

.83-28 

.02031 

73 

1 

578a) 

38.6 

4. 8988 

.6998 

.01814 

76 

17 

57905 

3»i.8 

2. 4731 

.4122 

.01118 

74 

17 

587a5 

.')8.7 

2.  .5436 

.()359 

.01082 

68 

11 

58905 

42. 5 

2.3031 

.57;5S 

.0KJ55 

«) 

13 

SO^iOo 

:w.  2 

7.1828 

.7183 

.01880 

77 

30 

6280) 

37.0 

1.;M51 

.4484 

.01212 

70 

14 

66006 

.')2.3 

6.0090 

.8584 

.01642 

73 

12 

72806 

3f>.  7 

2.  (W70 

.0990 

.019(Xi 

62 

5 

73306 

37.6 

8.  .5373 

.7761 

.02«Ki2 

78 

20 

81505 

48.7 

2.  Km 

.9442 

.01940 

78 

7 

8490) 

37.0 

.7130 

.7130 

.01927 

47 

4     ' 

929(16 

36.2 

2.S.sl() 

.5763 

.01.592 

75 

7 

95505 

Average, 

37.0 

.3146 

.3146 

.008.50 

79 

3      ! 

42.1 

3.. 3723 

.7148 

.01710 

71.0 

10.2 
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Table  36. — Summary  of  relation  of  size  of  head  to  yield^hei^y  and  tiUering  of  fioai. 


ClasaiOeation  according  to    >ju-,b«-    numbS     Yield  per 
„uml>er  of    kernels  on  J^^JJ^'  ^"^^Sda       P>f^^ 


head. 


Below  16 

16  to  20 

20  to  24 

21to2K 

28  to  32 

32  to  36 

More  than  36 . 


(grams). 


18 
36 
80 
84 
73 
38 
25 


13.3 
18.4 
22.2 
25.9 
30.1 
34.1 
42.1 


1.3169 
3.7758 
6.8466 
7.5207 
7.4992 
7.2530 
3.3723 


Yield  per 

heaa 
(gram). 


0.2654 
.3383 
.4355 
.4848 
..5598 
.6868 
.7148 


Weight  of 

average 

kema 

(gram) 


0.03039 
.01862 
.01953 
.01^74 
.019i)8 
.02023 
.01710 


Height 

(cm.). 


&x2 
64.1 

73.S 
73.  fc' 
7-1.5 
73.  <• 

n.o 


TiBrc^ 


Pt4 
111 


Table  37. — Relation  of  yield  ofptant  to  heiglU  and  tUlering,  and  to  tht  yield  per  Ktmd, 


Classification  according  to  yield  per  plant,  in 

grams. 


Number 
of  plants. 


Yield  per 

plant 
(grams). 


Below  1 

1  to  25 

2.5  to  5 

5to  10 

10  to  15 

15  to  20 

More  than  20. 


31 

0.6050 

67 

i          1.7673  ■ 

87 

3.5526 

93 

7.6485 

51 

12.2862 

20 

17.1908 

5 

23.2829 

Height 

(cm.). 


56. 
62. 
69. 
75. 

84. 


84.6 

85.2 


Tillering. 


3.7 
7.0 
11.6 
22-1 
33.3 
42,9 
43.2 


Y»«»r 

a3sa 
.*r4 

.*% 

.ft6* 


Table  38. — Relation  of  yield  per  head  to  yiddy  hei^y  and  tiUtring  of  plant,  and  to  i£v«^#r' 

average  kernel. 


Classification  according  to 
per  head,  in  grams. 

yield 

1 
1 

Number 
of  plants. 

1 

Yield  per 
head 

(gram). 

Yield  per 

plant 
(grams).   | 

Height 
(cm). 

TiUering^ 

Krfnei 
i'jrraa 

Below  0  300 

30, 
62  ' 

98 

7S  , 
50 
25 
12 

1 

0.24»4 
.3567 
.4524 
.5477 
.6372 
.7456 
.9229  1 

1.0939 
3.7385 
6.7326 
9.5646 
7.6214 
4.4523 
5.7687 
1 

60.8 
65.6 
72.8 
76.6 
74.3 
75.2 
73.7 

11.4 
15.5 
19.9 
21.8 
17.3 
18.6 
10.3 

0.1 15* 

0.300  to  0.400 

.1^3 

0.400  to  OTjOO 

0.500  to  0  600 

O.fi00to0  700 

0  700  to  0  800 

.oeiT* 

More  than  0  800 

.9S\ 

ST7MMABT  AND  CONCIiXXSIOKS. 

As  between  wheat  kernels  of  the  same  variety  raised  under  similar 
conditions,  those  kernels  having  a  high  percentage  of  proteid  mate- 
rial have  a  lower  specific  gravity,  weigh  slightly  less,  and  occupy  a 
smaller  volume  than  kernels  having  a  smaller  percentage  of  proteids. 

As  between  individual  spikes  and  individual  plants,  the  same  rela- 
tions obtain. 

As  between  individual  plants  in  different  years,  these  relations  do 
not  hold. 

The  quality  of  high  proteid  content  and  its  correlated  properties 
may  be  due  to  immaturity  in  the  kernel,  or  they  may  belong  to  the 
normal  and  fully  ripened  kernel. 

As  between  kernels,  spikes,  and  plants,  those  kernels  of  greater 
weight  contain  a  larger  weight  of  proteids — tliis  in  spite  of  the  fact 
that  they  contain  a  lower  percentage. 


SUMMARY    AND   CONCLUSIONS.  119 

Plants  bearing  the  largest  number  of  kernels  have  kernels  of  more 
rhan  medium  but  not  the  greatest  weight,  as  do  also  plants  producing 
,he  greatest  weight  of  kernels.  The  same  is  true  of  plants  producing 
rhe  greatest  weight  of  proteid  matter  and  gluten. 

Heavy  seed  wheat  drilled  at  the  rate  of  li  bushels  per  acre  pro- 
luced  a  much  larger  crop  of  seed  the  first  year  of  the  separation  than 
lid  light  seed  drilled  at  the  same  rate,  but  by  continuing  the  separa- 
tion of  the  respective  crops  and  selecting  heavy  seed  from  the  crop 
yrown  from  heavy  seed,  and  light  seed  from  the  crop  grown  from 
ight  seed,  the  difference  in  yield  in  three  or  four  years  was  small. 

After  the  first  year  of  separation  the  light  seed  produced  a  greater 
Biinount  of  proteids  per  acre  than  did  the  heavy  seed. 

A  determination  of  the  total  or  of  the  proteid  nitrogen  content  in 
the  kernels  on  one  row  of  spikelets  of  wheat  affords  a  fairly  close  esti- 
mate of  the  same  constituents  in  the  kernels  on  the  other  row  of 
apikelets. 

A  determination  of  the  total  or  of  the  proteid  nitrogen  content  in 
the  kernels  on  one-half  of  the  spikes  on  a  wheat  plant  will  give  a  very 
good  estimate  of  the  same  constituents  in  the  kernels  on  the  other 
spikes,  provided  there  are  at  least  an  average  number  of  spikes  on  the 
plant. 

There  may  be  quite  a  large  variation  in  the  proteid  nitrogen  con- 
tent of  different  spikes  on  the  same  wheat  plant. 

Determinations  of  the  proteid  nitrogen  content  of  800  spikes  of 
wheat  of  the  same  variety  representing  different  plants  showed  a 
variation  of  from  1.12  to  4.95  per  cent  of  proteid  nitrogen,  and  351 
plants  of  the  same  variety  the  following  year  varied  from  1.20  to  5.85 
per  cent. 

The  proportion  of  gluten  to  proteids  in  kernels  of  different  wheat 
plants  may  vary  considerablj^.  A  determination  of  proteid  nitrogen 
is  therefore  not  always  a  guide  to  the  gluten  content  of  the  wheat. 
Selection  for  improvement  should  be  based  on  the  determination  of 
gluten. 

Wheat  plants  having  kernels  high  in  gluten  contain  a  smaller  pro- 
portion of  other  proteids  than  do  plants  of  medium  or  low  gluten 
content. 

In  wheat  of  the  same  varietv,  raised  in  the  same  field  in  the  same 
year,  the  ratio  of  gliadin  to  glutenin  was  practically  the  same  in 
plants  of  low,  medium,  and  liigh  proteid  nitrogen  content. 

It  may  therefore  be  assumed  that  an  increase  in  the  gluten  con- 
tent of  a  given  variety  of  wheat  raised  in  the  same  region  would  carry 
with  it  a  corresponding  improvement  in  its  value  for  bread  making, 
although  there  might  be  fluctuations  from  year  to  year  in  the  quality 
of  the  gluten. 
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The  content  of  proteid  nitrogen,  the  kernel  weight,  and  the  tot*, 
proteid  nitrogen  production  by  the  wheat  plant  are  hereditary-  quali- 
ties. 

There  is  a  tendency  for  plants  possessing  any  of  these  quaUties  in 
an  extreme  degree  to  produce  progeny  in  which  the  same  qualitks 
approach  more  closely  to  the  average,  but  certain  exceptional  plaots 
may  transmit  the  same  or  more  extreme  qualities. 

The  yield  of  grain  per  plant  after  a  severe  winter  was  decreased  in 
proportion  to  the  susceptibility  of  the  plant  to  cold.  The  effect  of 
the  cold  caused  the  plant  to  produce  a  less  number  of  heads,  or,  in 
other  words,  to  tiller  less. 

The  early-maturing  plants  yielded  the  most  grain,  and  those  ripen- 
ing later  produced  in  each  case  less  when  grouped  into  ripening 
periods  of  four  days,  extending  through  more  than  three  weeks'  time. 

The  early-maturing  plants  produced  grain  of  slightly  lower  nitro- 
gen content  than  the  later  maturing  plants,  and  the  number  of  grams 
of  proteid  nitrogen  in  the  average  kernel  was  Ukewise  less  in  thf 
early-maturing  plants. 

Plants  with  heads  of  slightly  more  than  medium  size  produced 
the  largest  yields  of  grain,  and  were  taller  than  plants  with  either 
larger  or  smaller  heads.  Plants  with  heads  of  medium  size,  or  slightly 
less,  tillered  most  extensively. 

The  weight  of  the  average  kernel  did  not  increase  with  the  size  of 
the  head,  nor  did  it  decrease,  except  on  the  very  largest  heads. 

The  largest  yielding  plant>s  were  the  tallest  and  tillered  most. 
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PREFACE. 


The  main  object  of  the  accompanying  paper  is  to  prove  that  differ- 
ent varieties  of  a  single  species  behave  differently  in  the  presence 
of  the  harmful  salts  that  are  present  in  the  so-called  alkali  soils  of 
the  western  United  States.  The  work  has  been  done  with  varieties 
of  wheat  oh  account  of  the  great  importance  of  that  crop  in  the 
region  indicated  and  because,  being  grown  under  a  great  diversity 
of  conditions  as  regards  climate  and  soil,  wheat  varieties  would  be 
expected  to  differ  much  among  themselves  in  their. power  to  with- 
stand the  effect  of  excessive  amounts  of  salts  in  the  soil,  just  as  they 
differ  widely  in  their  caj^ability  of  withstanding  drought,  cold,  and 
parasites.  i 

The  experiments  were  made  with  young  seedlings,  their  roots  being 
exposed  for  periods  of  twenty- four  hours  to  the  action  of  pure  solu- 
tions of  the  salts  used,  the  greatest  strength  of  solution  in  which 
the  root  tips  could  survive  being  taken  as  representing  the  limit  of 
endurance  of  each  varietv  to  each  salt.  The  salts  used  were  the  car- 
1x)nate,  bicarl)onate,  sulphate,  and  chlorid  of  sodium,  and  the  sul- 
phate and  chlorid  of  magnesium.  These  are  salts  that  are  generally 
present  in  the  largest  quantity  in  alkali  soils.  Nine  varieties  of 
wheat,  both  from  the  Old  World  and  the  Xew,  representing  widely 
different  climates  and  soils,  were  compared.  , 

It  was  found  that  the  varieties  differed  greatly  in  their  ability  to 
withstand  the  poisonous  action  of  the  salts  used.     This  was  more 
strikingly  brought  out  in  the  case  of  some  salts  than  of  others.     To 
magnesium  sulphate,   for  example,  some   varieties  are  three  times 
as  resistant  as  are  others.     Tables  are  given  in  the  following  paper 
showing  the  limit  of  concentration  of  each  of  the  nine  varieties  foi 
each  of  the  six  salts.     It  was  also  clearlv  demonstrated  that  the  dif- 
ferent  individuals  of  each  varietv  differ  much  in  resistance,  and  the 
limits  of  the  varieties  as  established  are  onlv  the  means  of  the  limits 
for  all  the  individuals  tested.     Analyses  of  the  ash  of  each  lot  of  seed 
used  were  obtained  from  the  Bureau  of  Chemistrv,  but  no  correla- 
tion  could  be  vshown  between  ash  composition  and  resistance  to  action 
of  toxic  salts.     On  the  other  hand,  it  was  clearlv  demonstrated  that 
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with  few  exceptions  the  varieties  that  have  originated  in  arid  regioux  ' 
where  the  soils  are  usually  more  saline  than  in  humid  re«rion>,  are 
those  that  are  most  resistant  to  pure  solutions  of  sodium  and  m&gn^ 
sium  salts.     Three  varieties  of  southeastern  Kussia,  with  one  excv}»- 
tion,  were  found  to  be  the  most  resistant  of  all  those  testcni. 

It  is  believed  that  the  laboratory  work  upon  which  this  |>ai)er  i> 
based  lias  a  direct  practical  bearing,  as  it  gives  us  an  indication  of 
what  varieties  are  most  likely  to  succeed  in  arid  regions  where  tbe 
soils  are  more  or  less  saltv.  Furthermore,  as  some  one  salt — e.  <:.. 
sodium  chlorid — sometimes  strongh'  predominates  in  the  soil>  of  a 
particular  region,  and  as  these  experiments  show  clearly  that,  whik 
one  varietv  mav  be  more  resistant  than  another  to  sodium  chlorid, 
the  second  is  often  more  resistant  than  the  first  to  sodium  carl)onate 
or  to  magnesium  sulphate,  we  can  thus  obtain  information  a>  to 
which  of  the  many  varieties  of  a  great  crop  can  be  sown  with  the 
bi^st  chance  of  success  upon  a  given  type  of  alkali  soil.  In  othfl- 
words,  a  few  weeks  of  simple  laboratory  experiment  may  save  years 
of  costly  trial  in  the  field,  although,  of  course,  the  water-culture  exper- 
iments can  not  be  considered  as  giving  more  than  an  indication  of 
what  we  can  exi^ect  each  variety  to  do,  and  the  final  test  must  be  the 
growing  of  the  crop  upon  a  practical  scale. 

The  great  individual  variability  in  resistance  brought  out  in  the?* 
experiments  shows  that  not  merely  have  we  found  a  guide  as  to  which 
of  existing  varieties  are  best  adapted  to  different  types  of  saline 
soils,  but  tliat  tliere  is  an  excellent  opportunity  for  increasing  their 
resistance  by  st»lecting  seed  from  the  most  resistant  individuals. 
The  present  investigation  affords  further  evidence  that  it  is  practi- 
cable to  apply  plant-breeding  methods  to  the  ''  alkali  problem ''  and 
adapt  crops  by  selection  to  the  unfavorable  conditions  presented  by 
soils  that  contain  excessive  amounts  of  soluble  salts. 

A.  F.  Woods, 

Pathologist  and  Physiologist. 

Office  of  Vegetable  Pathological 

AND  Physiological  Investigations, 

Washington,  D,  6'.,  April  26\  J 906. 
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THE  VARIABILITY  OF"  WHEAT  VARIETIES  IN 

RESISTANCE  TO  TOXIC  SALTS. 


uttboduction. 

It  has  been  shown  quite  conclusively  in  recent  years  that  different 
ipecies  and  genera  differ  very  much  in  their  ability  to  resist  the  influ- 
ence of  toxic  salt  solutions.  Numerous  investigations  of  the  action 
)f  acids  and  salts  upon  plants  have  been  made,  especially  during  the 
Hst  four  or  five  years.  Investigations  of  this  nature  arc  not  only  of 
yreat  scientific  interest,  but  promise  in  some  cases  to  be  of  consider- 
ible  practical  importance.  One  phase  of  this  subject  which  is  espe- 
cially interesting  from  this  latter  point  of  view  is  that  of  the  relation 
[>f  plants,  particularly  cultivated  plants,  to  the  components  of  the 
saline  or  alkaline  soils  that  are  so  common  in  the  arid  part  of  the 
United  States  and  of  many  other  parts  of  the  world. 

A  preliminary  investigation  of  this  phase  of  the  subject  was  made 
by  Messrs.  Kearney  and  Cameron,"  who  showed  by  a  large  numl)er  of 
experiments  on  Lvpinus  alb  its  and  Medirayo  satiim  that  the  death 
limit  of  the  root  tips  was  very  different  for  different  salts.  For 
instance,  the  limit  for  Lupmiis  alhus  in  sodium  chlorid  was  found  to 
be  0.02  of  a  normal  solution,  and  in  magnesium  sulphate  0.00125. 
For  Medicago  ,satira^  in  mixed  solutions  containing  an  excess  of  two 
calcium  salts,  the  limit  was  0.35  in  magnesium  sulphate  and  0.20  in 
sodium  chlorid.^ 

Much  work  has  been  done  in  comparing  different  botanical  species 
as  to  their  resistance  to  the  effect  of  salt  solutions,^  but  the  compara- 
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ft  Messrs.  Kahlenberg  and  True,  who  have  done  cousldenible  work  along  this 
line,  particularly  with  salts  and  acids,  give  some  very  interesting  results.  They 
found  (On  the  Toxic  Action  of  Dissolved  Salts  and  Tlieir  Electrolytic  Dissocia- 
tion, Bot.  Gaz.,  22:81,  ISlXi)  that  Lupinus  alhus  would  just  survive  in  ^xiryiy 
gram  luol.  per  liter  of  copi)er  salts.  They  found  the  same  limits  with  ferrous 
sulphate  (FeSO,),  nickel  sulphate  (NiSO*),  and  cobalt  sulphate  (CoSOJ,  but 
for    mercuric    chlorid    (HgCU)     xgiua?    ""^^    mercuric    cyanid    (HgCu,)    only 

cThe  experiments  of  Ileald  (On  the  Toxic  Effect  of  Dilute  Solutions  of  Acids 
and  Salts  upon  Plants,  Bot.  Gaz.,  22:  125,  ISIMJ),  and  later  those  of  Moore  and 
Kellerman,  are  among  the  most  interesting  in  this  connection. 

Ilenld,  in  a  series  of  experiments  resembling  those  of  Kahlenberg  and  True, 
obtained  some  valuable  results  with  Cucurhita  pepo,  Zea  mays,  and  Pisiim  sati- 

300i:^-No.  79—05  M 2  9 


10  WHEAT    RESISTANCE    TO    TOXIC    SALTS. 

tivo  resistance  of  different  varieties,  or  races,  of  a  single  si^eeies  hi^ 
received  little  attention.® 

During  the  autumn  of  1903,  and  again  in  1904,  the  writer  had  tKi-a 
sion  to  repeat,  at  the  Department  of  Agriculture,  Washin«^<rtK  D.  {\ 
the  experiments  previously  conducted  by  Kearney  and  Cameron  wiiji 

mm.  He  found  the  limit  of  Piaum  satinnn  to  be  -sjloe  f^J*'"  iiiol.  i>er  liter  fur 
(•oppor  sulphate  (CuS()<)  as  the  strength  whieh  will  barely  iH^ruiit  th*»  n»ots  t*> 
live,  and  that  for  Zca  mays  to  be  u^jJoff-  ^^^  ol»taine<l  i*esults  with  Tari*iu> 
salts,  but  this  will  suffice  to  show  the  variability  l>etween  plants  wi<l«*ly  s«»f»- 
arated  in  relationshi]). 

Moore  and  Kellerman  (A  Metiiod  of  Destroying  or  Preventing  tlie  tJnnvtIi  **( 
Algie  and  Certain  l*athogeuic  Bacteria  in  AVater  Supplies.  Bui.  «M,  Ilur<»:Mi  of 
Plant  Industry,  U.  S.  Department  of  Agriculture,  P.MH)  sjiy : 

In  dealing  with  algjv  tlie  toxic  concentration  varies  greatly  for  different  g*Hi- 
era.  even  for  different  s])ecies  of  the  same  genus.  Niigeli  demonstmtcil  tl»e 
extreme  sensitiveness  of  Spivonura  nitida  and  »v.  duhia  to  the  pivscii<-e  «»f  o»n*«-r 
coins  in  the  water.  Oscillatoria,  CUidophora,  (Kdofjouium,  and  the  di:it^»uis 
succumb  in  six  hours  to  a  coi)i)er-suli>hate  solution  of  1  to  20.«H>0  and  in  twt» 
days  to  1  to  50,000  according  to  Bokorny.  *  *  ♦  Arct)rding  to  Duo.  wfak 
solutions  of  the  salts  of  most  of  the  metals  encourage  the  growth  of  alg?e  awl 
fungi.  Mercuo'  and  copi>er.  however,  at  0.(MKK>5  jkm'  t^nt  and  <i.oiWMii  iht  cent, 
resiHH-tively,  distinctly  inhibit  growth.  This  was  the  case  with  stiifrrM-htititim. 
Chroocoi'cutt.  and  ^*rotococcus. 

^loore  and  Kellerman  have  obtained  results  with  alga*  which  serve  very  well 
to  illustrate  the  variability  of  these  organisms  in  the  presenc^e  of  the  u»xic  «>»r 
per  suli)hate.  Tliey  found  that  with  this  salt  1  to  2r),0(K),  1  to  7o,Ui'iO,  and  1  U* 
UKMKK)  were  sufficient  to  kill  Uaphidiiitn  poli/morphum  in  four  days,  Drxmidittm 
.sirartzii  in  thnn*  days,  and  Xa cicala  sp.  in  five  days,  respectively.  One  part 
of  salt  to  :i(M»,000  of  water  and  1  to  I.IKKMXK)  were  fatal  to  Conferva  Ittnuhpclnmn 
in  three  days  and  i^inmra  tivclla  in  a  few  minutes.  Ciofttcriutn  monilifrrum  was 
killiHl  in  f<mr  days  in  a  1  to  500,000  solution,  and  Anaha'ua  floit-aqMO-  iu  u  1  to 
.*i,00O,(KK)  solution  in  seventy-two  hours.  The  most  sensitive  of  all  was  (  nttjhun 
aincricana,  practically  all  of  which  were  kilknl  in  a  1  to  10,0CKMXM)  solatiou  in 
sixt(»en  hours. 

« J.  F.  Breazeale  informs  the  writer  that  in  water-<*ulture  ex|H*riments  in 
the  laboratory  of  the  Buresiu  of  Soils,  United  States  Department  of  Agriculture, 
he  has  found  a  very  wide  variation  in  the  development  of  seedlings  of  different 
varieties  of  wheat  when  grown  in  the  same  artificial  nutrient  solutions  and  aL-*) 
aqueous  extracts  of  soil,  and  W.  II.  Ileileman,  in  the  s:ime  laboratory,  has  sImiwu 
very  similar  results  to  those  presented  in  this  investigation  when  using  different 
varieties  of  wheat  in  pot  cultures  of  natural  and  artificial  alkali  soils.  Ii  Iw* 
also  been  shown  that  the  vigor  and  rate  of  germination  of  seeds  of  different 
varieties  are  very  different  wlien  previously  soaked  in  any  given  solution  of  an 
electrolyte. 

Cameron  and  Breazeale  (The  Toxic  Action  of  Acids  and  Salts  on  S**o«llings, 
Journal  Phys.  Chem.,  vol.  8,  No.  1,  p.  1,  Jan.,  19(^)  have  shown  a  wide  varia- 
tion in  tlie  toxic  action  of  different  salts  and  acids  on  seedlings  of  plants  widely 
separated  in  relationship. 

From  certain  i)oints  of  view,  esiwcialiy  as  l)earing  on  current  chemic:d  theo- 
ries, the  paper  of  Dandeno  (American  Journal  of  Science,  Vol.  XVII,  Jane, 
1904)  in  this  field  is  especially  interesting,  but  ^  direct  comparison  of  rwnlts 
in  toxic  salt  solutions  can  not  be  made,  owing  to  tlie  fact  that  seedlings  of  differ- 
ent plants  have  been  useil. 


VARIETIES    SELECTED.  H 

T^u pinHH  alhuH,  Although  tlrc  order  of  toxicity  of  the  various  salts 
I'lMimined  the  same  in  the  three  series  of  experiments,  quite  different 
limits  of  endurance  were  obtained,  those  in  the  first  series  made  bv 
till*  Avriter  being  nuich  higher  than  those  obtained  by  Kearney  and 
Cameron  and  bv  the  writer  in  his  second  series.  The  idea  was  at 
once  suggested  by  thejiii  results  that  while  j)ossibly  the  second  lot  of 
seed  nuiy  have  differed  only  in  being  younger  or  otlierwise  more 
vi|j^orous  it  was  also  possible  that  different  varieties  or  even  merely 
strains  from  diffeivnt  sources  of  the  same  species  miglit  differ  con- 
siderably in  their  j)ower  to  resist  toxic  salt  solutions.  It  was  there- 
fore with  a  view  of  determining  whether  or  not  this  was  true  that 
tlie  series  of  experiments  which  forms  the  subject  of  this  paper  was 
undertaken  with  different  varieties  of  wheat. 

Attention  should  be  directed  at  the  outset  to  an  important  condi- 
tion under  which  this  work  was  carried  on.  Most  of  the  work  of 
this  kind  has  Idccu  conducte<l  with  comparatively  few  s(*edlings.  But 
iiiilividmil  variation  in  resistance  is  well  known  to  be  exceedingly 
«FiH»at,  and  enough  seedlings  must  lx»  tested  to  eliminate  all  such  dift'er- 
oiices.  The  average  of  the  resistances  of  a  large  numlx^r  of  s(»edlings 
must  l>e  ascertained.  The  writer  has  in  every  case  used  from  50  to 
lOO  st»edlings,  and  more  in  some  cases,  the  number  tested  Ixnng  con- 
sidered sufficiently  large  to  eliminate  individual  variation  and  give 
fairly  consistent  results.  The  total  number  of  steeds  experimented 
^vith  aggregated  nearly  5,000. 

The  work,  the  .results  of  whidi  are  shown  in  this  paper,  was  taken 
up  at  the  suggestion  of  Mr.  Thomas  II.  Kearney,  Pliysiologist,  of  the 
I^alK)ratory  of  Plant  Br(H»ding  of  the  Department  of  Agriculture. 

SALTS  TTSED. 

It  was  decided  to  emi)l()y  the  same  salts  used  by  Kearney  and 
Cameron  in  their  w-ork  with  Lupinus  alhns^  i.  e.,  sodium  chlorid 
(NaCl),  sodium  sulphate  (Na.SO.,),  sodium  carbonate  (NaXX).,), 
sodium  bicarbonate  (XallCO.,),  magnesium  sulphate  (MgSO^),  and 
magnesium  chlorid  (MgClo).  A  basis  for  direct  comparison  is  tlms 
obtained.  It  was  tliought  b<»st  to  use  these  salts,  also,  lx»caus(»  of  their 
common  occurrence  in  saline  soils,  and  their  tendency,  in  a  greater 
or  less  degree,  to  inhibit  vegetable  growth. 

VARIETIES  SELECTED. 

The  selection  of  the  varieties  of  wheat  to  l)e  used  in  this  work  has 
not  l)een  an  easy  matter,  there  l)eing  a  number  of  details  to  consider 
in  making  the  choice.  To  prove  whether  there  is  a  difference  in  the 
j>ower  of  different  varieties  of  the  same  species  to  resist  the  action 
of  toxic  salt  solutions  it  was  decided  to  use  varieties  representing  very 
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different  conditions  of  climate  and  soil,  and  selections  were  niad< 
with  the  aid  of  Mr.  M.  A.  Carleton,  Cerealist  of  the  Bureau  of  Plani 
Industry,  with  this  end  in  view.  All  conditions  under  which  wheal 
is  grown  are  not,  of  course,  represented.  Wheat  is  raised  in  nimrlj 
every  portion  of  the  temjwrate  zone  and  under  as  divei'se  conditions 
of  soil  and  climate  as  could  well  be  imagined.  An  attempt  has 
been  made,  however,  to  obtain  varieties  representative  of  the  regions 
j)resenting  the  greatest  contrast  in  these  respects.  C^jrealists  have 
discovered  that  wheats  well  adapted  to  a  humid  region  will  not  thrivt 
in  an  arid  or  semiarid  region,  nor  will  varietie^s  that  are  lx*st  adapted 
to  tlie  latter  conditions  thrive  in  a  humid  environment.  Varieties 
representing  each  of  these  different  climatic  tvj)es  were  used  in  the 
experiments.  Unquestionably  the  soils  of  the  various  regions  fn>ni 
which  the  s(?eds  were  obtained  differed  chemically  to  a  gn»at  extent 
but  in  most  cas(*s  data  as  to  soil  composition  were  not  obtiiinable. 
The  influence  of  climatic  and  soil  factors  is  complicated  by  the  fact 
that  seeds  are  often  transferred  from  one  region  to  another.  For 
example,  a  certain  variety  might  have  been  grown  for  a  numl)er  of 
years  in  strongly  saline  soil  to  which  it  has  IxH'ome  thoroughly 
adapted,  and  then  transferred  to  a  semiarid  region  and  a  soil  con- 
taining less  salt.  Were  the  seed  procured  from  the  neA'  region 
soon  after  the  transfer,  while  the  variety  was  not  yet  adapte<l 
to  the  new  conditions,  probably  it  would  still  show  the  high  degree 
of  resistance  acquired  under  the  former  conditions.  In  some  i^ases 
it  was  possible  to  learn  the  exact  history,  for  s(»veral  generations,  of 
tlie  seed  used,  biit  in  others  it  was  impossible  to  obtain  such  definite 
information.  To  meet  the  conditions  of  the  experiments  it  was 
thought  advisable  to  select  varieties  from  regions  widely  st^paratwl 
geographically.  Therefore,  one  variety  from  Africa,  two  from 
Europe,  one  from  Asia,  and  six  from  America  were  obtained.  Two 
of  the  varieties  are  durum  wheats  and  consequently  of  a  different 
species ;  the  rest  are  soft  grained. 

The  following  descriptions  of  the  individual  varieties  will  render 
more  intelligible  the  conditions  under  which  they  grew  originally: 

PRESTON. 

The  variety  of  wheat  known  as  Preston  {Trifirum  i*u1gare)  is  a 
hybrid,  produced  by  Dr.  William  Saunders,  of  the  agricultural  ex- 
periment station  at  Ottawa,  Canada.  In  the  spring  of  1888  Doctor 
Saunders  crossed  the  varieties  Red  Fife  and  Ladoga,  obtaining  a  new 
sort,  which  was  called  Preston.  Red  Fife  was  taken  as  the  male  and 
Ladoga  as  the  female  parent.  The  progeny,  he  says,  resembles  some- 
what both  parents.  The  grain  is  very  much  like  Red  Fife,  Both  the 
2)arent  varieties  are  well  established  in  tliat  part  of  Canada  and  wen» 
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« 

rown  there  with  great  success  for  many  years  previous  to  the  origin 
f  this  hybrid.  Preston  has  proved  to  be  a  better  variety  than  either 
fits  parents,  both  in  yield  and  in  range  of  adaptability.  The  region 
n  which  its  parent  varieties  grow  is  very  humid.  Doctor  Saunders 
hiims  that  Preston  ripens  its  grain  from  three  to  four  days  earlier 
han  either  of  its  parents.  In  view  of  this  fact  it  is  reasonable  to  con- 
Jiule  that  it  is  l)etter  adapted  to  regions  having  diminished  rainfall 
luring  the  latter  part  of  the  season,  and  experience  has  justified  the 
conclusion.  Preston  has  given  the  best  results  of  all  the  spring 
wheats  introduced  into  the  Northwest.  It  is  to-day  grown  success-- 
fully  in  the  southern  part  of  Canada  and  in  a  part  of  the  United 
States  that  includes  North  Dakota,  eastern  Montana,  Minnesota, 
South  Dakota,  and  Wisconsin." 

TURKEY. 

Turkey  wheat  {Triticvm  vvlgare)  is  considered  the  hardiest  vari- 
ety grown  at  the  present  time  in  the  XTnited  States.     It  is  a  bearded 
sort,  with  white  chaff,  small  head,  and  red  grain.     It  is  especially 
well  adapted  to  semiarid  regions,  as  is  readily  seen  from  the  region 
in   which   it  is  grown.     This  variety   was  introduced   into   Kansas 
al)out  tw-enty-five  years  ago.     P'or  a  while  it  was  confined  to  a  small 
district  of  that  State,  but  during  the  past  twelve  or  fifteen  years  its 
excellent  quality  has  become  generally  known,  and  consequently  it 
is  grown  on  a  nuich  larger  area.     It  came  originally  from  Crimea 
and  other  portions  of  Taurida,  in  southern  Russia.     That  country 
does  not  differ  greatly  from  the  section  of  the  United  States  in  which 
the  variety  has  given  such  good  results.     Though  it  is  not  a  variety 
giving  unusually  heavy  yields,  it  is  well  adapted  to  resist  droughts 
and  may  be  depended  upon  for  a  greater  average  yield  than  any  other 
variety  grown  in  Kansas.     It  ripens  rather  early,  and  thus  escapes 
the  excessive  droughts  which  frequently  prevail  during  the  latter 
part  of  the  wheat  season  in  that  district.     It  is  especially  adapted 
to  the  Great  Plains  regicm,  including,  roughly,  Kansas,  Oklahoma, 
southern  Nebraska,  southern  Iowa,  northern  Texas,  and  portions  of 
Missouri  and  Arkansas.^ 

ZIMMERMAN. 

The  v«ariety  known  as  Zimmerman  {THticnm  vnlgarc)  is  grown 
to  some  extent  in  the  same  region  as  the  one  just  described.  How- 
over,  it  has  a  number  of  essential  points  of  difference  and  some  char- 

«I)r.  WiUiaiu  Saunders,  Cereals  and  Root  Crops,  Ottawa,  Canada,  1902. 

*CarIeton.  M.  A..  Basis  for  tlie  Improvement  of  Ameriean  Wheats.  Bui.  24, 
Division  of  Vegetable  Physiology  and  Pathology,  U.  S.  Department  of  Agricul- 
ture, 1900. 
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acteristics  that  make  it  preferable  for  the  experiments  (leseril>e(l  here. 
As  a  whole,  it  is  inferior  to  the  Turkey  wheat,  l)eing  less  resistant  to 
drought,  and  it  is  grown  principally  in  regions  which  have  a  greater 
annual  rainfall.  Zimmerman  wheat  has  two  good  qualities  to  rw- 
ommend  it — it  is  beardless  and  ripens  from  four  days  to  a  wei'k  ear- 
lier than  other  varieties  in  the  same  locality.  It  is  a  fairly  hardy 
sort,  and  is  as  resistant  as  the  average  variety  to  the  cold  of  stnere 
winters.  It  is  best  adapted  for  cultivation  in  southern  Kanssis, 
Oklahoma,  northern  Texas,  Missoiiri,  Kentucky,  Tennessee*.  Arkan- 
sas, and  farther  southward.  This  region  has  a  much  larger  annual 
rainfall  than  the  one  inhabited  bv  the  Turkev  varietv,  with  the 
exception  of  the  States  in  common — Kansas,  Oklahoma,  and  Texas. 

KHARKOF. 

The  seed  used  of  the  Kharkof  variety  of  wheat  {Tritirifm>  rulgare) 
was  obtained  by  tlic  United  States  Department  of  Agriculture  from 
the  Agi'icultural  Society  of  Kharkof,  Russia,  in  the  Starobielsk 
district.  Kharkof  is  in  the  southern  part  of  Russia,  about  *iOO  miles 
north  of  the  Black  Sea  and  about  o50  miles  west  of  the  Volga  River. 
The  winters  are  very  dry  and  at  no  season  of  the  3'ear  is. the  rainfall 
great.  Kharkof  is  a  red-bearded,  hardx'^  winter  wheat.  The  seed 
was  obtained  from  the  crop  grown  in  RusSki  during  the  season  of 
1002. 

PADUI. 

Seed  of  the  Padui  variety  {Triticum  rulf/a7r)  vms  obtained  from 
Saratof,  in  eastern  Rjissia.  Saratof  is  located  on  th\  Volga  River, 
about  400  miles  from  its  outlet  into  the  Caspian  Sea.  Padui  is  a 
soft  or  semihard  winter  wheat,  and  is  adapted  to  all  nortff^rn  winter- 
wheat  States  from  New  York  to  Kansas  and  southward  to  he  thirty- 
fifth  parallel.  The  seed  with  which  these  tests  have  Ikhmi  i^ade  was 
imported  directly  from  Russia.  Padui  is  very  resistant  to  <ronght, 
the  rainfall  in  the  regicm  where  it  is  grown  falling  as  low  a.-l-  to 
15  inches  per  annum.  This  variety  is  cultivated  to  scmie  extent  in 
tlie  same  region  as  Kubanka  (described  later),  and,  therefore,  is?iib- 
jected  to  the  same  climate  and  probably  to  the  same  soil  conditii.is. 

CIIUI.. 

Dr.  E.  A.  Bessey  descriln^s  the  conditions  under  which  thie  Chul 
variety  {Tntirum  ruhjatr)  is  grown  in  Turkestan  and  in  tlu»  south- 
ern part  of  central  Asia,  about  Samarkand.  It  is  found  niore  or 
less  in  tliis  whole  steppe  region,  from  which  it  derives  \m>  name, 
Chul  meaning  steppes.  It  is  a  hard  grain  and  grows  witwmut  irri- 
gation, yields  two  harvests,  and  can  be  sown  as  either      ffint*T  <»r 
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f>i:)ring  wheat.  The  seed  for  these  experiments  was  obtained  by 
I>octor  Bessey  for  the  Department  of  Agriculture  from  its  native 
oountry,  being  taken  from  the  crop  of  1902. 

BUDAPEST. 

The  variety  known  as  Budapest  {Triticnm  mdgare)  is  one  of  the 
liard  winter  wheats  imported  originally  from  Hungary.  It  is  now 
thrown  in  Michigan  and  adjoining  States  with  great  success.  Of 
ull  the  varieties  imported  from  Hungary,  Budapest  has  proved  the 
l>est.  It  is  w^ell  suited  for  cultivation  in  the  North  Central  States, 
including  Michigan,  Illinois,  Indiana,  Ohio,  western  New  York, 
Kentucky,  and  perhaps  farther  south.  It  is  a  bearded  wheat,  wuth 
^vhite  chaff  and  red,  medium  hard  grain.  It  is  a  success  only  in 
i-egions  with  a  fairly  large  rainfall. 

KUBANKA. 

The  two  varieties  of  durum  wheat  {Tritlrum'  durum) ^  Kubanka 
and  Maraouani,  were  selected  outside  of  the  species  rulgare  in  order 
to  find  types  grown  under  extremely  arid  conditions.  The  seed  of 
Kubanka  was  obtained  originally  from  Russia.  The  seed  used  was 
of  the  fourth  generaticm  grown  in  the  United  States  and  should 
show  something  of  the  effect  of  soil  and  climatic  conditions  here, 
j)rovided  these  differ  essentially  from  those  of  the  country  where  it 
originated.  Four  years  is  doubtless  sufficient  time  to  acclimatize  the 
variety  fairly  well.  Kubanka  is  grown  in  an  extensive  area  of 
eastern  Euroi)e  and  w-estern  Asia,  especially  along  the  Volga  River. 
The  lx»st  Kubanka  is  found  east  of  the  Volga,  on  the  border  of  the 
Kirghiz  Steppe.  It  is  about  the  only  variety  found  along  the  Sibe- 
rian border,  where  it  is  im])ossible  to  grow  any  ordinary  sort  Ix^cause 
of  drought,  and  is  grown  extensively  by  the  Turgai  and  Kirghiz 
people.  The  rainfall  over  this  whole  region  often  dcK^s  not  exceed  10 
inches  j)er  annum.  The  Kubanka  variety  matures  very  quickly,  an 
absolute  necessity  in  a  regicm  where  the  rainfall  is  very  slight  and 
often  confined  to  a  small  part  of  the  year.  Because  it  is  drought- 
resistant  and  matures  early  it  is  now  being  grown  throughout  the 
Volga  territory  from  Kazan  to  the  Casi)ian  Sea  and  east  to  the 
Kirghiz  Steppe  and  Turkestan.  It  is  a  macanmi  wheat,  and  takes 
its  name  from  Kuban  territory.  In  this  country  it  is  best  adapted 
for  the  northern  plains  region  as  far  south  as  Kansas. 

There  is  little  doubt  that  the  varieties  Kubanka  and  Padui,  in  some 
regions  at  least,  grow  on  soil  containing  considerable  salt.  Both 
varieties  have  become  well  adapted  to  the  region  just  north  of  the 
Casi)ian  Sea  along  the  Volga  River.  Here  salt  abounds  in  great 
quantities.     AVest  of  the  Volga  and  about  100  miles  from  the  Caspian 
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Sea  is  a  great  salt  marsh  covering  a  considerable  area.  On  the  other 
side  of  the  river,  for  a  c()iiple  of  hundred  miles  along  its  course,  there 
are  both  salt  marshes  and  lakes.  The  great  Khaki  salt  marsh  along 
the  borders  of  the  Kirghiz  Steppe  covers  several  hundred  square 
miles.  Northward  and  westward  from  this  marsh  there  is  a  series 
of  small  salt  lakes,  the  largest  of  which  is  Elton  Salt  I^ke.  It 
would  naturally  be  expected  that  in  a  region  with  such  extensive 
salt  marshes  and  lakes  the  arable  soil  would  likewise  contain  a  large 
proportion  of  salt. 

MARAOUANI. 

The  Maraouani  variety  of  durum  winter  wheat  {Tritieum  durut/i) 
has  been  grown  in  northern  Africa  probably  for  centuries.  As  far  as 
can  be  ascertained,  it  originated  there  and  has  lon'g  been  one  of  the 
most  valuable  sorts  of  that  country.  The  seed  used  in  these  experi- 
ments came  directly  from  the  Clieliff  Valley,  an  arid  region  with 
very  little  rainfall,  in  the  western  part  of  Algeria.  The  wheat  land 
there  is  cultivated  for  the  most  part  without  irrigation.  The  soil  is 
largely  a  heavy  clay  loam,  and  probably  contains  in  nearly  all  sei*- 
tions  a  more  or  less  excessive  amount  of  readilv  soluble  salts.  Mara- 
ouani  is  veiy  hardy,  is  i:esistant  to  rusts,  and  has  the  reputation  of 
being  the  best  of  the  durum  wheats  now  grown  in  that  region.  In 
the  Department  of  Oran  it  is  most  successful  when  sown  in  Novem- 
ber; it  then  matures  about  June.  It  is  thought  by  expert  cerealists 
that  this  variety  would  succeed  well  in  the  spring-wheat  regions  of 
the  northern  United  States  and  as  a  winter  wheat  in  the  SouthwesL 

METHODS  OF  EXPEBXBCENTS. 

Wheat  seeds  are  small  compared  with  lupines,  In^ans,  peas,  etc, 
with  which  most  of  the  work  of  other  ex|)erimentei's  has  l>een  done. 
The  rootlets  of  the  wheat  seedlings  are  so  small  that  at  first  it  was 
feared  that  some  difficulty  would  be  experienced  in  marking  off  the 
rapidly  growing  zone  with  india  ink,  the  readiest  method  for  accu- 
rate determination  of  the  death  point.  In  view  of  this  difficulty  the 
work  was  begun  without  marking.  It  required  but  a  few  trials,  how- 
ever, to  prove  that  it  would  be  practical^  impossible  to  obtain  satis- 
factory results  in  such  a  wav.  Wheat  rootlets  have  a  hard  surface 
and  do  not  become  flaccid  in  salt  solutions  unless  these  ai'e  of  a  con- 
centration much  bevond  the  toxic  limit,  in  which  case  the  roots  be- 
come  yellow  and  the  cells  somewhat  broken  down.  However,  one 
or  two  attempts  at  marking  showed  that  with  a  little  practice  and 
care  this  could  be  effected  without  inflicting  any  injury.  By  ruptur- 
ing the  epidermis  very  slightly  a  sufficiently  conspicuous  mark,  which 
will  last  forty-eight  to  seventy-two  hours,  can  be  made  without  injury 
to  the  roots. 


The  seeds  were  put  in  spliagiiuni  moss  finely  brok< 
^■ufiiciently  moist  to  preclude  lateral  branching  or  siij 
vpmont  of  root  haii-s.  They  germinate  iiiiulily  in  at 
(o  seventy-two  horn's  at  an  ofdinary  room  teniperatiii-' 
and  leaves  make  their  appearance  almost  at  the  si- 
nuiiil)er  of  rootn  varies  with  the  variety,  but  is  usuall 
^even.  Thri-c  is  tlie  Hvcrage  number,  five  is  rathei 
sevtin  not  very  nire.  Only  one  root  of  eiich  seedliii 
The  initial  or  central  one  was  always  preferred  wh< 
for  the  purpose,  Iloweier,  it  .was  found  after  a  Ii 
tests  that  the  centnil  one  was  most  likely  to  become 
in  the  s[}hagnum  moss,  the  tips  becoming  enlarged  ami 
case  the  root  soon  ceast^s  to  grow.  "\Mien  this  ha|)p 
were  preferred  for  marking.  Rootlets  which  are  smo<: 
in  thickness,  with  a  rather  sharj)  point,  are  most  vi;> 
best  results.  Only  experience  in  this  work  can  teat  I 
several  roots  is  preferable  for  marking.  Tlie>  seeds  ii 
the  moss,  inarketl,  and  transferred  quickly  to  the  solvi 
taken  in  every  way  possible  to  avoid  change  of  condi 
process  of  making.  These  details  will  !«?  discuss<;il 
another  part  of  this  jmper. 

The  solutions  during  the  period  of  ex|Teriment  weit 
iionsoluble  Wakers  that  could  lie  obtained,  each  Ix-i 
to  hold  about  300  c.  c.     After  the  solutions  had  In 
twice"  the  glassware  was  thoroughly  rinsed  in  distil  ■ 
being  used  for  the  next  test.     Nearly  e\'ery  other  day 
thoroughly   sterilized   by   boiling   in    distilled   wat 
nsed  is  about  Ci  cm.  wide  at  the  mouth,  and  was  cj  i 
fitting  cork  about  1  cm.  in  thickness.     Each  cork   i 
and  into  the  holes  five  small  glass  rods  were  inser  i 
end,  and  drawn  to  a  sharp  point.     The  rods  wei-e  in  . 
booked  points  on  the  inner  side  of  the  cork,  and  uj  : 
seed  WBS  placed.    The  rods,  as  well  as  the  corks,  fit 
prevent  any   important  anionnt  of  evaporation   fr< 
They  are  free  enough,  however,  to  permit  of  the  rod 
lowered  in  or  out  of  the  solution  as  occasion  may    I 
case  were  tlie  glass  rods  allowed  to  come  in  contact  i  i 

Normal  solutions,  made  with  Aferck's  Ix'st  chem 
were  prepared  imder  the  supervision  of  Dr.  F.  K. 

Uiirpn>i    nf  »m1«  /.f  tl.o  n»r.«rtni»nt  lit    A  (rrl^iilliirc. 
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mal  solutions  stock  solutions  were  made  up  by  dilution,  and  were 
kept  for  use  as  required.  The  solutions  actually  used  in  the  experi- 
ments were  made  from  the  stock  solutions  by  diluting  with  distilled 
water.  It  might  seem  at  first  that  two  successive  dilutions  would 
permit  of  an  error.  This,  however,  has  been  avoided  in  the  case 
of  chlorids  and  carbonates  by  titrating  each  stock  solution  before 
using.  The  concentration  of  the  solutions  of  siilphates  was  fre- 
quently verified  by  analysis  in  the  Bureau  of  Soils,  Sodium  car- 
bonate and  sodium  bicarbonate  were  both  titrated  against  N'iO 
hydrogen  potassium  sulphate,  using  methyl  orange  as  an  indicator. 
In  the  case  of  the  bicarbonate  solutions  it  was  necessary  to  charge 
them  w^ith  an  excess  of  carbon  dioxid  to  prevent  their  becoming 
alkaline.  The  nonalkalinitv  of  the  bicarbonate  solutions  was  often 
tested  by  the  addition  of  a  drop  of  alcoholic  phenolphthalein,  which 
would  indicate  the  presence  of  alkalis  by  forming  the  well-known  red 
color.  Sodium  chlorid  and  magnesium  chlorid  were  titrated  against 
N/IO  of  silver  nitrate.  Whenever,  upon  titration,  any  stock  solu- 
tion was  found  to  be  either  too  dilute  or  too  concentrated,  it  was  cor- 
rected bv  the  addition  of  more  of  the  normal  solution  or  bv  further 

«  « 

dilution  with  distilled  water.  The  water  used  in  these  experiments 
was  distilled  in- the  Laboratory  of  Plant  Pathology,  and  near  the 
close  of  the  work  was  found  bv  analvsis  in  the  Bureau  of  Chemistry 
to  contain  some  slight  amount  of  a  toxic  substance.  That  this  was 
for  all  practical  purposes  neutralized  and  played  no  part  in  the 
toxic  action  of  the  solutions  used  is  demonstrated  in  the  fuller  dis- 
cussion of  this  point  on  page  39  of  this  paper. 

All  seeds  for  these  experiments  were  germinated  in  sphagnum  moss. 
Aftcf  being  finely  broken  up  the  moss  was  placed  in  a  bucket  and 
kept  sufficiently  moist  for  seed  germination.  It  was  found  that  the 
seedlings  were  injured  if  kept  too  moist,  the  roots  showing  an  en- 
largement at  the  apex,  developing  into  a  very  blunt  tip,  and  when 
affected  in  this  way  they  usually  stopped  growing  and  new  roots  were 
put  forth.  The  initial  radicle  was  more  easily  affected  in  this  way. 
Only  seedlings  having  healtliy  and  vigorous  rootlets  were  used  in  the 
experiments.  The  seeds  were  first  soaked  in  hj'drant  water  from  four 
to  six  hours  before  being  placed  in  the  sphagnum  moss.  After  about 
three  days  in  the  temperature  of  an  ordinary  room  they  were  ready 
for  use.  They  were  most  easily  manipulated  when  the  radicles  were 
from  three  to  four  centimeters  long.  The  root  itself  might  well  be 
longer,  but  the  apical  bud  appears  almost  at  the  same  time  as  the  root, 
and  when  more  than  one  or  two  centimeters  long  interferes  with  easy 
adjustment  in  the  beakers.  It  was  sometimes  necessary  to  pinch  off 
the  ends  of  the  leaves,  a  practice  which  in  no  way  interfered  with  the 
development  of  the  rootlets.  AMien  the  radicles  had  reached  the 
length  mentioned  above,  the  seedlings  were  taken  out  of  the  sphag- 
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um  and  placed  in  beakers  containing  the  solution,  the  tips  of  the 
oots  being  immersed  in  the  liquid.  One  rootlet  of  each  seedling  was 
"larked  with  india  ink  15  mm.  from  the  apex,  which  should  include 
>ractieally  all  of  the  rapidly  growing  zone.  The  amount  of  elonga- 
ion  during  a  given  period  could  thus  be  determined,  and  this  is  the 
>est  means  of  knowing  whether  the  root  has  been  actually  killed. 
LTnless  the  concentration  of  the  solution  l>e  far  above  the  toxic  limit 
:lie  root  does  not  become  flaccid,  as  is  the  case  with  lupines  and  some 
>tlier  .seedlings.  After  the  roots  were  marked  with  india  ink  the  seeds 
were  carefully  hooked  on  to  the  glass  rods  prepared  for  that  purpose. 
As  much  of  the  root  was  immersed  in  the  solution  as  was  possible 
without  allowing  the  seeds  or  rods  to  come  in  contact  with  the  liquid. 
In  all  cases  the  entire  length  of  the  marked  zone  was  immersed.  The 
length  of  the  portion  of  the  root  in  the  solution  depended,  of  course, 
upon  the  total  length  of  the  root.  It  might  at  first  glance  seem  that  a 
variation  in  this  respect  c()uld  affect  the  result  of  the  experiment,  some 
roots  having  a  larger  surface  exposed  to  the  solution  than  others;  but 
it  is  believed  that  the  large  number  of  seedlings  used  in  each  experi- 
ment practically  eliminated  this  source  of  error. 

All  cultures  were  left  in  the  solution  twenty-four  hours,  when  they 
were  taken  up  and  the  amount  of  ehmgation  of  the  marked  portion  of 
the  root  was  measured  and  recorded.     They  were  then  transferred  to 
a  beaker  containing  hydrant  water  and  allowed  to  remain  there  for 
another  twenty-four  hours,  when  they  were  taken  up  and  the  elonga- 
tion again  measured.     The  radicles  which  made  an  additional  growth 
the  second  twenty-four  hours  in  the  hydrant  water  over  the  growth  in 
the  first  twentv-four  hours  in  the  salt  solution  were  considered  to  have 
survived  in  the  solution  and  were  thus  recorded.     Those  making  no 
additional  growth  the  second  twenty-four  hours  were  considered  dead 
and  recorded  in  this  way.     Coupin  and  others  have  intimated  that 
twenty-four  hours  is  not  sufficient  to  kill  the  plant.     This  objection  is 
set  aside  by  the  consideration  that  only  the  death  of  the  apex  of  the 
root  is  regarded  in  these  experiments  and  not  the  point  at  which  the 
whole  plant  succumbs.     The  object  of  this  work  is  merely  one  of  com- 
parison of  the  effect  of  a  solution  of  given  concentration,  during  a 
definite  period  of  time,  upon  different  varieties.     AVhether  this  effect 
is  expressed  in  the  death  of  the  w^hole  plant  or  only  that  of  a  single 
organ  is  inmiaterial. 

Control  experiments  were  carried  on  every  day,  one  in  hydrant 
water  and  one  in  distilled  water,  both  under  conditions  identical 
with  those  in  the  salt  solutions.  The  results  in  hydrant  water  have 
l)een  uniform  from  dav  to  dav  and  in  oidv  a  few  cases  were  thev 
proved  unsatisfactory.  In  such  cases  the  whole  series  was  discarded, 
the  inference  being  that  some  unfavorable  condition  (of  temperature, 
for  example)  had  interfered. 
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A  word  as  to  the  coiulitions  of  ilhunination  ami  temi^eratuix*  during 
the  exjKirimeiits  will  not  Ix?  out  of  place  at  this  point.  When  in 
solutions  the  roots  were  exposed  to  the  li^ht  during  the  day.  WTicn 
in  the  salt  solutions  during  the  first  "24:  hours  they  were  kept  on  a 
shelf  in  the  rear  of  a  room  with  northern  exposure  only.  When  in 
hydrant  water  during  the  second  24  hours  they  weiv  kept  on  a  taible 
at  the  window,  under  a  moderately  strong  light.  Preliminary  exjK'ri- 
ments  were  made  when  counnencing  the  work  with  lupines,  which 
showed  that  the  strength  of  the  light,  at  least  within  the  limits  in- 
volved in  these  experiments,  had  no  influenc^e  on  the  growth  of  the 
roots.  Of  three  series  of  cultures,  all  in  a  solution  of  the  same  salt 
at  the  same  concentration,  one  was  placed  in  total  darkness,  another 
in  subdued  light,  and  a  third  in  bright  light.  Otherwise  they  were 
under  the  .same  conditions.  The  elongation  of  the  roots  was  nieas- 
ured  at  the  end  of  24  hours  and  there  was  no  appreciable  difference 
in  the  three  sc»ts  of  cultures. 

It  was  impossible  to  keep  a  uniform  temperature  in  the  lal>oratory 
during  the  winter  months,  though  this  factor  did  not  vary  enough 
in  either  direction  to  cause  any  injury  in  germination  or  to  the  roots 
in  the  solution.     A  thermograph  was  kept  running  in  the  rtK>ni,  and 
a  review  of  the  records  shows  no  tem])erature  l)elow  18°  or  abt>ve 
80°  C.     The  average  teini>erature  during  the  exj)eriments  was  about 
23°  C.     When  making  the  experiments  with  illumination  rt»ferred  to 
above,  similar  ones  were  made  to  determine  the  influence  of  temi>era- 
,  ture  upon  the  roots.     The  three  different  series  of  cultures   (all  in 
the  same  salt  solution,  at  the  same  concentration)  were  exp<well  for 
24   hours   to   temperatures   of   10°,   20°,   and    30°    C,   respectively. 
Results  showed  that  the  roots  that  had  l)een  exposed  to  a  temperature 
of  20°  and  30°  C.  showed  about  the  same  elongation,  while  the  elonga- 
tion in  a  temperature  of  10°  C.  was  somewhat  less. 

All  solutions  were  made  with  water  distilled  from  ordinarv  hvdrant 
water.  The  receiver  of  the  still  is  a  porcelain  tub  and  has  been  used 
for  several  years  in  the  T^aboratory  of  Plant  Pathology  of  the  Bureau 
of  Plant  Industry.  At  times  the  distilled  water  may  have  contained 
some  slight  traces  of  anunonia  and  doubtless  some  other  impurities. 
An  analvsis  of  the  water  was  made  in  the  Bureau  of  Chemist rv,  and  it 
was  found  to  contain,  in  parts  per  million — 

Zinc Trace. 

Free  ammonia ^>.  lis*** 

AUmminoidH    .  014 

Nitrates . None. 

Nitrites Faint  traces. 

Total  solids  (consisting  of  calcimn,  sodimii,  carlnmates,  sul- 
phates, and  chlorids) 7.4 

A  further  discussion  of  the  water  used  will  be  found  on  page  39. 


ESTABLISHING  THE  TOXtC   LIMITS.  21 

HETHOD  OF  ESTABLISHINa  THE  TOXIC  LIMITS. 

Before  going  into  details  of  the  results  obtained  in  the  simple 
olutions,  the  methods  of  determining  the  limits  of  endurance  of  each 
'ariety  to  each  salt  will  be  explained.     At  one  time  the  writer  had 
lioupcht  of  fixing  the  limit  of  endurance  in  toxic  salt  solutions  at  the 
roncoiitration  in  which  none  of  the  marked  radicles  would  survive  at 
:lie  end  of  twenty-four  hours.     A  few  experiments,  however,  showed 
:hat  this  was  not  the  proper  method,  for  occasionally  one  of  the  root- 
lets would  bo  sound  and  healthy  at  the  end  of  twenty-four  hours  in  a 
concentration   far  above  that   which   would  permit  the  roots  of  a 
majority  of  the  phmts  to  survive.     In  other  words,  individual  varia- 
tion plays  such  an  important  part  that  the  strength  of  a  sohition 
vrhich  would  permit  no  root  tips  to  survive  would  l>e  far  above  that 
representing  the   limit   of  endurance  for  the  variety   as  a   whole. 
Attention  is  thus  once  more  directed  to  the  fact  that  re^sults  obtained 
from  a  few  individuals  are  as  a  rule  very  inaccurate  and  unreliable. 
The  characters  of  a  variety  (and  resistance  to  toxic  effects  is  one  of  its 
characters)  are  the  mean  of  thos<^  of  the  whole  number  of  individuals 
composing  it.     Of  course  all  the  individuals  of  a  variety  can  not  be 
examined,  but  the  number  of  si^edlings  experimented  with  should 
l)e  large  enough  to  overcome  the  effect  of  marked  individual  varia- 
tion.    It  was  this  consideration  that  urged  the  writer  to  make  such 
a  large  numlK>r  of  tests.     On  the  other  hand,  a  concentration  which 
would  just  permit  all  root  tips  to  survive  would  not  represent  the 
general  limit  for  the  variety  l)ecause  of  those  few  individuals  which 
are  far  inferior  to  the  average  in  their  ability  to  resist  toxic  salt 
solutions.     The  limit  of  endurance  for  the  mean  of  the  largest  pos- 
sible number  of  individuals  is  the  end  sought. 

After  consideration,  it  seemed  that  the  most  perfect  idea  of  the 
limit  for  each  variety  could  l)e  obtained  by  taking  the  concentration 
in  which  about  half  the  steeds  survived  and  about  half  died.  For 
instance,  if  60  seeds  were  tested  in  a  0.01  normal  solution  of  magne- 
sium sulphate  and  liO  survived  and  30  died,  the  toxic  limit  would  he 
represented  by  that  concentration.  Of  course  it  was  seldom  possible 
to  secure  such  an  equal  divisicm,  but  a  slight  excess  one  way  or  the 
other  would  not  materially  alter  the  results.  In  practice  it  was, 
furthermore,  often  found  ex[)edient  to  take  the  mean  of  the  concen- 
trations actually  tested  as  representing  the  toxic  limit. 

To  illustrate:  The  roots  were  often  found  dead  in  a  0.01  normal 
solution  of  magnesium  chlorid,  and  alive  in  a  0.0075  normal.  The 
approximate  toxic  limit  w^as  fi^ed  at  the  concentration  intermediate 
))etween  thest*  two,  although  no  solutions  intermediate  in  concentra- 
tion l)etween  0.01  and  0.0075  of  a  normal  solution  were  actually 
made  up. 
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The  writer  does  not  claim  that  the  limits  thus  fixed  are  absolute, 
but  he  believes  that  further  experiments  would  change  them  vory 
little.     To  obtain  absolutely  exact  results  it  would  be  necessary    to 
employ  an  indefinite  number  of  solutions  of  intermediate  concentra- 
tion, and  to  make  tests  with  a  very  large  number  of  seedlings.    The 
results  recorded  here,  it  is  safe  to  assume,  will  answer  all  practical  1 
purposes.     The  different  strengths  of  solution  of  the  same  salt  dif- 
fered from  each  other  by  0.005  of  a  normal  solution   for  sodium 
chlorid,  sodium  sulphate,  and  sodium  bicarbonate,  and  by  0.0025  of 
a  normal  solution  for  sodium  carlwnate,  magnesium  sulphate,  arid 
magnesium  chlorid.     That  is  to  say,  experiments  were  made  with 
solutions  of  a  concentration  of  0.015,  0.01,  0.005,  etc.,  for  sodipiii 
chlorid,  sodium  sulphate,  and  sodium  bicarbonate,  and  of  a  concen- 
tration of  0.01,  0.0075,  0.0025,  etc.,  for  magnesium  chlorid,  magnc?- 
sium  sulphate,  and  sodium  carbonate,  intermediate  concentration i=; 
l)eing  disregarded  in  practice. 

As  mentioned  earlier  in  this  paper,  the  death  point  was  determined 
largely  by  the  elongation  of  the  roots  beyond  the  point  15  mm.  from 
the  tip,  marked  off  by  india  ink.  If  the  roots  showed  no  additional 
elongation  the  second  24  hours  in  hydrant  water,  they  w^ere  considered 
dead.  In  some  cases,  how-ever,  it  has  been  possible  to  determine  this 
point  by  other  means. 

In  the  case  of  the  two  magnesium  salts  a  solution  of  a  concentra- 
tion considerably  above  the  limit  blackens  about  1  or  2  millimeters 
of  the  root  tip,  and  often  causes  the  end  of  the  root  to  bend  in  the 
shape  of  a  hook.  An  ap[3earance  of  this  kind  is  conclusive  evidence 
that  the  solution  is  much  too  concentrated.  Both  sodium  carbonate 
and  sodium  bicarbonate  in  very  strong  solution  cause  a  yellowing 
of  the  whole  body  of  the  root  in  the  solution,  and  more  or  less  loss 
of  turgor,  due,  doubtless,  to  plasmolysis.  It  is  very  seldom  that 
rootlets  which  show  that  condition  at  the  end  of  twentv-four  hours 
in  the  solution  will  revive  when  placed  in  hydrant  water. 

To  make  the  results  hei'ein  contained  exactly  comparable  with  those 
furnished  by  Kearney  and  Cameron  from  their  studies  on  lupines, 
the  toxic  limits  are  given  in  this  paper  both  in  fractions  of  a 
normal  solution  and  in  parts  of  salt  per  100,000  of  solution.  In 
addition,  the  mean  of  the  limits  of  all  the  varieties  is  given  under 
each  salt,  so  that  a  glance  will  show^  how  much  above  or  below  this 
point  any  particular  variety  may  be  in  regard  to  each  salt  used. 

The  salts  have  been  found  harmful  in  pure  solutions  in  about  the 
order  in  which  they  follow  each  other  in  the  succeeding  part  of  this 
report — that  is,  sodium  sulphate  is  less  harmful  than  sodium  chlorid 
when  both  are  in  equivalent  concentration,  and  magnesium  sulphate 
is  more  harmful  than  sodium  bicarbonate  when   in  the  same  pro- 


port  ion.  A  concentration  of  0.0075  normal  magnc 
11:^1  liiily  producps  alioiit  tlie  same  effect  as  O.O^;")  sodiii 
Tlifrefore  one  would  say  that  magnesium  siilphate  is 
injurious  as  sodium  bicarbonate  when  in  equivalent  co 

BBSULTB  OF  EXFEBIMENTS. 

RESntiTS   WITH    MAGNESirM    SULPHATE. 

The  results  obtained  for  tbo  different  varieties  witl 
of  niagnesinm  sulphate  are  sliown  by  the  following  tal 
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A  glanw  at  the  almve  table  is  sufficient  to  show 
difference  iM'twoen  the  varieties  in  their  ability  to 
infiiieuce  of  magnesinui  sulphate.  The  least  resi 
varieties  are  Chul  and  Preston,  of  which  almut  half 
vivetl  in  a  O.OOri  normal  solution.  Onitmsted  t<»  t 
most  resistant  ones,  viz,  ]{ndapest  and  Turkey,  survi 
in  a  Kohition  twice  as  concentrated. 

A  comparison  of  these  results  with  wheat  with  t 
Kearney  and  Cameron  using  Lupiniis  albva  with  t 
show  the  great  divei'sity  between  these  two  plants, 
fur  lupines  in  a  pure  solution  was  found  to  be  0.0 
Koliition.  Accepting  the  results  shown  by  these  fi 
sulphate  is  four  times  as  toxic  to  lupines  as  it  is  to  t 
ton  wheats,  and  eight  times  as  toxic  as  for  the  Bud 
varieties.     It  may  be  said  in  this  connection  that 
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average  much  the" mo?!  toxic  of  the  salts  used.  It  was  the  most  injuri- 
ous in  every  case  except  in  two  instances,  in  one  of  which  sodium 
carbonate  and  in  the  other  magnesium  chlorid  proved  more  toxic. 
It  required  a  sohition  of  magnesium  sulphate  twice  as  conoentrate»l 
as  that  of  sodium  cartonate  to  be  equally  toxic  to  the  Budape< 
variety,  the  limits  in  this  case  being  0.01  normal  magnesium  sulphite 
and  0.005  normal  sodium  carbonate.  The  other  instance  re  ferret!  to 
is  not  so  marked.  Magnesium  chlorid  is  found  to  be  somewhat  more 
toxic  than  magnesium  sulphate  for  one  variety — Turkey — the  limit> 
IxMug  for  magnesium  chlorid  0.0075  normal  and  for  magnesium 
sulpliate  0.01  normal. 

Comparing  the  average  toxic  limit  for  each  salt,  as  stated  in  the 
taWes  that  follow,  njagnesium  sulphate  is  one  and  two-sevenths  tiiue^ 
as  injurious  as  magnesium  chlorid,  one  and  three-seve!iths  tinier  a«- 
injurious  as  sodium  carbonate,  three  and  five-sevenths  tinie^i  as  inju- 
rious as  sodium  bicarbonate,  little  more  than  six  times  as  toxic  a> 
sodium  suli)hate,  and  seven  and  five-sevenths  times  as  injurious  as 
sodium  chlorid. 

Magnesium  sulphate  in  the  soil  is  not  considered  injurious  to  any 
appreciable  extent,  but  this  is  no  doubt  due  to  the  neutralizing  effect 
of  other  salts  with  which  it  is  associated.  Keamev  and  Camen>n. 
in  their  experiments  on  LtiphiuH  alhus  and  Medicago  sattra^  found 
magnesium  sulphate  in  pure  solutions  to  be  the  most  toxic  of  all  the 
salts.  The  writer  found  the  same  true  for  the  lupines.  But  when 
other  salts  are  added  to  a  solution  of  magnesium  sulphate,  toxicity. 
lK>th  absolute  and  relative,  is  altered.     Kearnev  and  Cameron  «  sav: 

Addition  of  sodiiini  siili)hato,  wliicli  itself  is  injurious  in  pure  Holntlou,  raises 
llie  limit  of  ninj^nosiuin  sulphate  three  times,  while  the  presence  of  onU-Ium  snl- 
phate  allows  a  small  proi>ortion  of  tlie  roots  to  barely  survive  during  twenty- 
four  hour?*  in  a  soluti<ui  of  maj^nesium  sulphate  480  times  as  (H>neentratrd  a* 
tliat  which  in  pure  solutions  represents  the  limits  of  endurance. 

To  lower  classes  of  plant  life  magnesium  sulphate  is  apparently 
much  less  toxic.  Dr.  B.  M.  Duggar  ^  has  made  some  exj)erinients 
with  marine  algjc  to  determine  the  nutrient  value  of  the  salts  of  some 
of  the  alkalis  and  alkali  earths  when  added  to  sea  w^ater.  He  foimd 
that  aft(^r  the  acids  and  some  of  the  salts  of  the  liea\7'  metals  the 
potassium  phosphates  proved  most  toxic.  The  least  toxic  were  the 
salts  of  sodium  and  magnesium,  while  the  sulphate  of  magnesium 
was  the  least  injurious  of  all  the  salts  usedi     The  less  injurious  etfecl 


«  Some  Mutual  Kclations  Between  Alkali  Soils  and  VoKetation.  Kei>ort  No. 
71;  r.  S.  Department  of  Agriculture  (1SK)2). 

ft  The  Toxic  Kfl'<»ct  of  Some  Nutrient  Salts  on  Certain  Marine  Algji*.  Sclemv. 
X.  S..  17:  451)  (llX)a). 


REStJLTg  OP  EXPERIMENTS. 


26 


>f  the  magnesium  salts  is  probably  due  to  the  presence  of  neutraliz- 
ing salts  in  the  sea  water  to  which  he  added  the  magnesium  com- 
pounds, although  we  are  not  yet  in  a  position  to  say  that  magnesium 
may  not  be  far  less  toxic  to  the  Alga?  than  to  the  Leguminosro  or 
Graminea?. 

To  show  the  relative  toxic  effect  of  magnesium  sulphate  to  some 
of  the  other  salts,  Ix)ew  **  has  made  some  interesting  observations,  and 
states  that  Spirogyra  died  within  four  or  five  days  in  a  1-per-mille 
solution  of  magnesium  sulphate,  but  remained  alive  for  a  long  time 
in  corresponding  solutions  of  the  sulphates  of  sodium,  potassium,  and 
calcium.     Up<m  the  r(K)ts  of  some  higher  plants  the  same  investiga- 
tor made  similar  observaticms,  and  savs  that  Vicia  and  Pisum  do  not 
start  lateral  roots  when  kept  in  a  solution  of  0.5  per  cent  of  mag- 
nesium sulphate  or  nitrate,  and  the  root  cap  and  epidermal  cells  die 
after  a  few  days.     Seedlings  of  Phaseolus  placed  in  a  solution  of  0.1 
|>er  cent  magnesium  sulphate  with  0.1  per  cent  of  monopotassium 
phosphate  showed  injury  to  the  roots  after  five  days,  and  the  entire 
plant  succumbed  soon  afterwards. 

Coupin  *•  found  during  the  course  of  some  experiments  with  wheat 
that  magnesium  chlorid  was  more  toxic  than  magnesium  sulphate. 
I  h>  uives  the  limit  for  magnesium  sulphate  at  1  [)er  cent  and  for  mag- 
nesium chlorid  at  0.8  per  cent. 


RESUI.TS   WITH   MAGNESIUM    CHLORID. 

The  following  table  shows  the  results  obtained  for  the  different 
varieties  with  pure  sohitions  of  magnesium  chlorid : 


Name  of  wheat  variety. 


Maximum  limit  oi 
endarance. 


Partsjper  ^™*:J\X^ 


Zimmerman 

Kharkof  

Padui 

Kuhanka 

Turkey  

Maraouaiii 

Budapest 

Pre«ton 

Chul 

Aver:i|?e  for  all  varieties 


72 

48« 

48 

42 

:« 

48 

m 

24 
24 

4(1 


0.015 
.01 
.01 

.00875 
.0075 
.01 
.0125 
.005 
.Ufi 

.OOR^l 


aThp  PhysioloRicnl  Kolo  of  Minora]  Nutrients  in  Plants.  Bui.  4.">,  Bureau  of 
Plant  Industry,  IT.  S.  Department  of  Agriculture  (1903). 

6Sur  la  Toxielte  <lu  Ciilorure  de  Sodium  et  do  TF^au  de  Mer  a  I'Egard  des 
Vegt^tiiux.     Itevue  Geiu'rale  de  Botanique,  10: 188  (1898). 
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Magnesium  chlorid,  like  the  sulphate,  seldom  occurs  alone  in  aatxire 
in  sufficient  quantity  to  be  of  very  great  consequence.  It  is  noarly, 
if  not  always,  associated  in  the  soil  with  some  other  salts^  suoH  as 
those  of  sodium  and  calcium,  which  tend  to  neutralize  its  effect  upon 
plants.  In  these  experiments  with  wheat,  as  in  those  with  lupine^s 
it  was  foimd  to  rank  next  to  magnesium  sulphate  as  a  toxic  a^peiit 
when  in  pure  solutions. 

The  average  limit  of  concentration  of  magnesium  chlorici  for 
wheat  seedlings  is  0.00931  of  a  normal  solution,  as  against  O.OOT^iG 
for  magnesium  sulphate.  Again,  referring  to  Kearney  and  Camer- 
on's results  wuth  the  same  salts  for  lupines,  we  find  some  variaticms. 
As  is  easily  seen  with  the  writer  s  results  with  wheat,  magnesium  sul- 
phate is  only  about  one-third  more  toxic  than  magnesium  chlorid, 
while  Kearney  and  Cameron's  results  show  the  sulphate  twiet^  ar? 
toxic  as  the  chlorid.  The  investigators  named  found  the  roots  o£ 
lupines  to  barely  survive  in  0.0025  of  a  normal  solution  of  mag- 
nesium chlorid,  while  Kearney  showed  that  Zea  mays  would  live  in 
a  solution  a  little  more  than  thirty  times  as  concentrated.  Ma^i^ne- 
sium  chlorid  is  twice  as  toxic  to  the  white  lupine  as  to  the  lea^t 
resistant  variety  of  wheat  tested,  and  six  times  as  toxic  to  the  lupine 
as  to  the  most  resistant  variety  of  wheat.  It  is  a  surprising  fact  that 
some  varieties  of  wheat  are  six  times  as  resistant  and  that  inaisse  is 
thirty  times  as  resistant  to  this  salt  as  Lupinus  albus. 

It  will  l)e  seen  that  the  variation  of  the  wheat  varieties  amon^ 
themselves  is  more  pronounced  in  the  chlorid  than  in  the  sulphate. 
AVhile  the  toxic  limit  for  the  least  resistant  of  the  varietie^i  is  the 
same  (0.005  of  a  normal  solution)  for  the  two  sjilts,  that  of  the  most 
resistant  variety  (0.015  normal)  is  much  higher  in  magnesium  chlori<l 
than  in  the  sulphate.  The  ratio  of  variation  between  the  two  ex- 
tremes of  resistance  with  magnesium  sulphate  was  2  to  1,  as  against 
?i  to  1  with  the  chlorid. 
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RESULTS    WITH    SODIUM    CARBONATE. 


The  following  table  given  the  results  with  piire  solutions  of  sodium 
rbonate : 


Name  of  wheat  variety. 


Zimmerman 

Kharkof  

Padui 

Knbanka 

Turkey 

Maraonani 

Budapest 

Preston 

Chul 

Average  for  all  varietieB. 


Maximum  limit  of 
endurance. 

PartBpor 
100,a)0of 
solution. 

Fractional 

part  of  a 

normal 

Bolution. 

0.0125 

65 

78 

.015 

52 

.01 

39 

.0075 

78 

.015 

41 

.008 

26 

.005 

66 

.0125 

65 

.0125 
.0109 

57 

The  results  shown  by  the  above  table  are  not  materially  different 
from  those  with  magnesium  chlorid.  Sodium  carbonate  in  pure 
solutions  is  slightly  less  harmful,  as  shown  by  the  comparison  of  the 
average  of  all  the  varieties,  being  in  the  case  of  magnesium  chlorid 
0.0098  and  for  sodium  carbonate  0.0109  of  a  normal  solution.  The 
extremes  in  both  cases  are  the  same,  though  there  are  two  varieties 
with  a  resistance  of  0.015  for  sodium  carbonate  as  against  one  for 
magnesium  chlorid.  Five  varieties  in  the  case  of  sodium  carbonate 
have  a  resistance  above  the  average  as  against  four  in  the  case  of 
magnesium  chlorid.  One  variety  alone,  Budapest,  has  a  resistance 
of  only  0.005  as  against  two  for  magnesium  chlorid. 

Of  the  three  salts  so  far  described,  sodium  carbonate  is  in  the  soil 
generally  the  most  harmful,  (1)  because  in  excessive  quantity  it  is 
more  widely  distributed,  and  (2)  because  it  is  less  easily  neutralized 
by  other  salts  with  which  it  is  usuallv  associated. 

The  opinions  of  experimenters  differ  considerably  as  to  the  rela- 
tive toxic  effect  of  this  salt.  Kearney  and  Cameron  showed  that,  in 
the  case  of  LuphiuH  albus  at  least,  sodium  carbonate  is  but  little 
more  injurious  than  sodium  sulphate,  the  toxic  limit  in  each  case 
being  0.005  and  0.0075  of  a  normal  solution,  respectively.  It  will  be 
seen  that  the  limit  for  the  lupine  obtained  by  them  with  sodium  car- 
bonate is  the  same  as  the  resistance  for  Budapest  wheat,  but  only 
one-third  of  that  for  the  Turkey  and  Kharkof  varieties.  The  limit 
of  concentration  for  the  lupine,  as  shown  by  their  report,  is  about 
equivalent  to  one-half  of  the  average  for  the  several  wheat  varieties, 
in  the  same  salt  solution.  Kearney  found  Zea  mayH  to  survive  in 
the  same  salt  at  a  concentration  three  times  as  great  as  that  repre- 
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senting  the  limit  for  the  lupine,  and  equal  to  that  for  the  most  resist- 
ant varieties  of  wheat. 

Coupin  ^  found  the  toxic  limit  of  wheat  in  sodium  carbonate  to  be 
about  1.1  per  cent.  In  view  of  the  fact,  however,  that  he  noted  the 
death  of  the  whole  plant  and  not  the  root  tips,  the  limit  of  coneeii- 
tration  as  determined  by  him  would  necessarily  be  much  higher. 

RESULTS  WITH  SODIUM  BICARBONATE. 

The  limits  in  pure  solutions  of  sodium  bicarbonate  are  shown  m 
the  following  table : 


I 


Name  of  wheat  variety. 

Maximum  limit  of 
endurance. 

Parts  per 
100,(KK) 
of  solu- 
tion. 

Fractional 
parts  of  a 
normal  so- 
lution. 

0.0S8 
.03 
.0375 
.0(25 
.0375 

,035 
.OQS> 
.(ti& 

.006 

Zimmerman 

334 
351 
230 
309 
330 
188 
309 
809 
309 

319 

Kbarkof 

Padui 

Kubanka 

Turkey 

Maraouan  i 

Budapest 

Preston 

Chul 

Average  for  all  varieties.. 

Of  all  the  salts  used  sodium  bicarbonate  seems  to  bring  out  the  least 
variation  in  resistance  so  far  as  these  experiments  are  concerned.  The 
least  resistant  variety  was  Maraouani  and  the  most  resistant  Kharkof  • 
which  were  able  to  survive  in  a  0.0225  and  0.03  normal  solution, 
respectively.  These  results  do  not  differ  to  an  important  extent  from 
those  of  Kearney  and  Cameron  for  Lupinus  alhus^  the  toxic  limit  of 
which  was  slightly  lower  (0.02)  than  that  for  Maraouani  wheat. 

The  writer  finds  sodium  carbonate  to  be  about  two  and  six-tenths 
times  as  injurious  to  wheat  when  in  equivalent  concentration  as 
sodium  bicarbonate.  Kearney  found  the  difference  to  be  even  greater 
in  the  case  of  maize,  the  ratio  being  about  4  to  1.  Coupin  ^  rever^^es 
the  relative  toxic  order  of  these  two  salts.     This  difference  in   the 


a  Sur  hi  Toxicity  du  Chlorure  ilc  So<llum  et  de  I'Eau  de  Mer  a  rEf^tircl  li^i 
VC'gr'taux.     Hevue  Gf-n^^rale  de  Botanique,  10 :  180  (1808). 

6  Sur  la  ToxIoltC*  des  Composes  de  Potassium  et  de  T Ammonium  a  TEgard  des 
Veg^aux  Sui)i»rleurs.    Revue  Generale  de  Botanique,  12:180  (1900). 
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c^riterion  of  toxic  action,  i.  t\,  the  death  of  the  whole  plant  rather  than 
of  the  root  tip  alone,  should  not  affect  the  relative  toxic  influence  of 
the  two  salts.  Coupin's  results  showed  that  it  required  a  1.1  per  cent 
solution  of  sodium  carbonate  to  kill  w^heat  seedlings,  while  only  0.() 
l)er  cent  was  necessary  to  produce  the  same  effect  when  sodium  bicar- 
bonate was  employed. 

As  to  the  relative  toxic  order  of  the  carlxmate  and  bicarbonate,  the 
i-esults  recorded  agree  quite  well  with  those  of  Sigmund,"  who  found 
that  wheat  development  was  retarded  and  genninating  seeds  of  vetch 
and  rape  were  killed  in  a  0.5  per  cent  solution  of  sodium  carbonate, 
\vhik»  the  same  concentration  of  sodium  bicarbonate  w^^s  quite  harm- 
less. 

Kearnev  and  Cameron^  found  sodium  bicarbonate  somewhat  less 
toxic  than  sodium  chlorid  for  the  lupine,  and,  further,  that  a  0.02 
normal  solution  of  sodium  bicarbonate  permits  plants  to  survive  m 
iiuich  l)etter  condition  than  in  the  corresponding  concentration  of  the 
chlorid.  Kearney  has  also  shown  by  experiments  that  the  bicar- 
Ijonate  is  less  toxic  to  maize  than  is  sodium  chlorid,  the  death  point 
for  the  bicarl>onate  being  established  at  0.05  and  for  the  chlorid  at 
0.04  of  a  normal  solution. 

In  view  of  all  these  differences  it  will  he  no  easy  matt-er  to  decide 
the  relative  harmfulness  of  these  sodium  salts.  Experiments  will 
have  to  be  performed  on  a  large  number  of  plants  of  widely  different 
relationship  before  any  definite  conclusions  can  be  reached.  There  is 
great  probability  that  the  order  of  their  toxicity  is  not  the  same  for 
all  s|>ecies  of  plants.  This  is  very  well  demonstrated  by  a  compari- 
son of  the  writer's  results  w  ith  those  of  Kearnev  and  Cameron,  who 
found  sodium  sulphate  more  toxic  to  Lupinus  alhus  than  sodium 
bicarbonate,  while  the  writer  found  the  reverse  to  be  true  for  w^heat. 
There  is  a  tendency  among  physiological  experimenters  to  draw  gen- 
eral conclusions  for  the  whole  plant  kingdom  from  the  results  ob- 
tained for  a  few  varieties,  species,  or  genera,  which  is  absolutely 
unjustifiable.  Too  much  emphasis  can  not  be  used  in  condemning 
such  inferences.  The  results  here  obtained,  it  is  thought,  will  hold 
good  for  these  particular  varieties  of  wheat,  but  they  are  not  indica- 
tive except  within  rather  wide  limits  of  what  others  show.^     They 


«  Uebor  die  Kiiiwirkung  Cheinlacher  Agentleii  aiif  die  Keimung,  Landw.  Vers. 
Stat,  47:  2  (1806). 

6  This  point  is  brought  out  in  a  most  marked  way  by  the  work  of  Cameron 
and  Breazeale  uix>n  the  effect  of  acids  on  wheat,  maize,  and  clover,  respectively. 
(The  Toxic  Action  of  Acids  and  Salts  on  Seedlings,  Journal  Phys.  Chem.,  vol. 
K,  No.  1,  p.  1,  Jan.,  1904.) 
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will  serve  for  making  comparisons,  but  not  for  drawing  conclusion: 
as  to  the  behavior  of  plants  in  general. 


RESULTS    WITH    SODIUM    SULPHATE. 


The  comparative  effect  of  pure  solutions  of  sodium  sulphate  upon 
the  different  varieties  is  shoAvn  in  the  table  which  follows : 


Name  of  wheat  variety. 


Zimmerman , 

Kharkof 

Padui 

Kubanka 

Turkey  

Maraouani 

Budapest 

Ih-eston 

Chul 

Averafife  for  all  varietlea 


Maximum  limit  of 
endurance. 


E*art8per 
100,0(Xrof 
solution. 


Fra(*tional 
parts  of  a 
normal  so- 
lution. 


aou 

318 
36S 

aoo 

336 
365 
242 
293 

3(6 


0.06 
.0425 
.045 
.06 
.0€S> 
.0476 
.(K376 

.(i4 
.0433 


In  sodium  sulphate,  as  in  sodium  bicarbonate,  the  toxic  limits   for 
the  different  varieties  show  less  variation  than  in  the  case  of  otlier 
salts  used.     The  least  resistant  to  this  comparatively  harmless  salt^ 
as  to  most  of  the  others  used  in  these  experiments,  is  the  Preston 
wheat.     This  variety  has  been  grown  for  a  number  of  years  in    a 
semihumid  region  w^here  alkali  soils  do  not  occur.     In  view  of  tliese 
facts  one  would  expect  this  variety  to  be  somewhat  less  resistant 
to  these  salts.     Since  there  is  no  excess  of  soluble  salts  in  the  soils 
of  this  region,  Preston  has  had  no  opportunity  to  develop  salt  resist- 
ance.    The  varieties  most  resistant  to  sodium  sulphate  are  Zininier- 
man  and  Kubanka,  both  surviving  as  well  in  a  0.05  normal  solution 
as  Preston  in  0.035.     As  to  the  origin  of  these  varieties,  also,  it  is  just 
what  would  be  expected  from  their  resistance  to  salts.     Both   sorts 
came  from  arid  or  semiarid  regions,  where  saline  soils  are  abundant. 
Kubanka  is  grown  in  regions  containing  numerous  salt  marshes  anil 
lakes,  and  that  it  should  have  acquired  ability  to  resist  salts  in  the 
soil  is  only  natural.    Zimmerman   likewise  was  obtained   from    u 
region  having  soils  of  more  or  less  saline  character,  and  to   this 
is  probably  due  its  power  of  resistance  in  salt  solutions.    It  is  not 
unlikely  that  the  soils  from  the  regions  from  which  the  remaininjr 
varieties  were  obtained  contain  a  less  amount  of  sodium  sulphate 
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proportionate  to  their  smaller  resistance  to  tin; 
these  water  cultures.  This  can  not  definitely  l)e  1 
ineiits  have  been  made  correlating  the  amoiuit  oJ 
in  the  soil  npon  which  the  different  varieties  grev 
ancc  in  pure  solutions. 

Some  interesting  differences  can  I)e  noted  here 
iincre  of  wheat  and  of  lupines  to  sodium  snlphate. 
ety  is  4|  times  as  ivsistant,  and  Zimmerman  and 
iis  resistant,  as  Luplnus  albux,  the  toxic  limit  of 
ix-en  establisiied  by  Kearney  and  Cameron  nt  0.( 
sodium  sulphate  more  toxic  to  Lupinus  than  nd 
while  for  every  variety  of  wheat  in  these  expci"; 
is  true.  With  maize  Kearney  showed  that  the  sc 
vive  equally  well  in  l)oth  salts,  and  established  tl: 
a  nonnsl  solution. 

Ililgard  states  that  few  plants  can  bear  as  mnch 
the  soil  of  sodium  carbonate,  or  about  3,500  pouni 
depth  of  1  foot.  For  sodium  chlorid  the  limit  in 
0.25  iMsr  eont.  In  the  case  of  sodium  sulphate,  mos 
in  the  presence  of  0.45  to  0.50  jjer  cent  in  the  soil, 
fact  sodium  chlorid  under  soil  conditions  would 
toxic  to  most  plants  than  the  sulphate. 

Stewart"  has  made  a  numlxsr  of  iutere-sting  tesls 
-seeds  to  germinate  in  the  presence  of  sodium  carlio 
phnte,  and  sodium  chlorid.  He  found  the  ctirbonat 
to  be  more  injurious  than  the  sulphate.  With  on 
weeds  in  the  presence  of  the  chlorid),  0.50  per  cent  ot 
or  chlorid  proved  fatal  to  germination.  Stewart  she 
sulphate  is  far  less  injurious  than  either  of  the  ( 
character  of  his  experiments  indicates,  however,  tl 
directly  comparable  with  such  as  are  here  dcscrilied, 
placed  for  germination  in  sand  on  fin  plates  and  wa 
of  the  water  used  not  iK-inp  stated,  Kearney  anc 
shown  that  these  sidts  are  decidedly  different  in  the 
their  toxic  effect  can  l)e  neutralized  by  the  additio 
such  as  the  chlorid  or  sulphate  of  calcium.  It  is 
sand  or  the  water,  or  Imth,  us(«I  by  Stewart  contai 
calcium  salts.  The  results  of  Kearney  and  Camero 
to.  show  that  the  toxic  effect  of  sodium  carlmnate.  a 
of  sodium  chlorid,  are  neutralized  far  less  effectivel 
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phate  than  is  sodium  sulphate.  Tliey  found  that  tlie  resistaiict*  of 
smliiun  sulphate  was  raised  00  times  by  adding  calcium  sulpliate. 
In  the  light  of  these  facts  it  is  easy  to  accept  Stewart's  result.^.  In 
fact,  Kearney  and  Cameron  showed  that  when  other  salts  were  ii4l«lc'^1 
the  limit  for  Lupiunx  alb  us  in  sodium  sulphate  could  Ix?  rai^4*<l  t<> 
0.80  of  a  normal  solution,  and  that  for  sodium  chlorid  only  to  O.i^O, 
while  in  pure  solutions  the  limit  for  sodium  sulphate  was  a  coiUH^iitrst- 
tion  of  0.0075  and  for  sodium  chlorid  OM.  This  also  explains  Hil- 
gard's  results  as  to  the  comparative  harmlessness  of  sodium  siilpliate 
in  the  soil  where  other  salts  are  always  present. 


RESULTS    WITH    SODIVM    CHLORID. 


The  results  obtained  by  the  writer  w'ith  pure  solutions  of  socliiiiii 
chlorid. are  shown  in  the  follownnir  table: 


Name  of  whcuit  variety. 

Maximum  limit  of 
endurance. 

Parts  iier 

ioo,ano 

of  solu- 
tion.    1 

Fractional 

part  of  a 

nonxtal 

solution. 

Zimmerman 

377 

0.065 

Kharkof 

319 

.055 

Padui 

^3 

.0575 

Kubanka  

1           33:3 

.0575 

Turkey 

290 

1 

.06 

Mai'aouani 

319 

.(65 

Budapest 

275 

.(H75 

Preston 

319 

.tl55 

Chul 

Average  for  all  varieties  . . 

1       m 

'           3U 

.043 

.(1&42 

That  sodium  chlorid  is  the  least  toxic  to  wheat  of  all  the  .<:5alt,s 
used  is  evinced  by  the  table  abpve.  Next  to  it,  of  course,  is  scxliiini 
sulphate.  Comparing  the  results  with  those  obtained  by  Koanioy 
and  Cameron  for  lupines,  the  varieties  of  wheat  are  two  and  one-liulf^ 
to  three  times  as  resistant.  Coupin  ^  also  found  wheat  more  resit^^t- 
ant  to  sodium  chlorid  than  the  w^hite  lupines.  He  has  experimenter  I 
with  several  species  of  plants  and  found  the  whole  plant  to  be  killed 
jn  the  following  concentrations:   Wheat,  1.8  per  cent;    peas,  !.:>  |>er 

«  Sur  la  Toxicity  du   Clilorure  Sodium  et  de  rEnii  de  Mer  a   TEgard    de^ 
V^»gC*taux.     Revue  GCnerale  de  Botaiilque,  10:178  (1898). 
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cent;    vetch,  1.1  per  cent;   maize,  1.4  per  cent,  and  white  lupine,  1.2 
per  cent." 

«  Guthrie,  F.  B.,  and  Holmes,  R.  (Roy.  Soc.  New  South  Wales,  Oct.  8.  1902), 

conducted  some  experiments  on  wheats  In  two  kinds  of  soils.     To  one  of  the 

Hoils  was  added  a  fertilizer  consisting  of  a  mixture  of  15  grams  of  sulphate 

of  ammonia,  6  grams  of  superphosphate,  4  grams  of  sulphate  of  potash,  and 

varying  quantities  of  other  substances.    The  composition  of  the  first  soil  was 

as  follows: 

Per  cent. 

Moisture 3.83 

Organic  matter 13.  75 

Nitrogen  .  208 

Soluble  in  hydrochloric  acid : 

Lime   .• .  105 

Potash .065 

Phosphoric  acid .  107 

Magnesia .072 

The  soil  was  found  to  contain  O.OKJ  per  cent  of  sodium  chlorid  in  addition 
to  the  substances  enimierattnl  above. 

The  comi)osition  of  the  second  soil  was  as  follows: 

Per  cent. 

Moisture 2.91 

Organic  matter 8.33 

Nitrogen .070 

Soluble  in  hydrochloric  acid : 

Lime   .  440 

Potash .  077 

Phosi>horlc  add .  110 

Xo  fertilizer  was  adde<l  and  tlie  soil  was  originally  free  from  chlorids.  It 
was  found  that  in  the  first  soil  the  seeds  germinated  and  grew  well  when  enough 
sodium  chlorid  was  added  to  the  soil  to  give  it  a  content  of  0.066  per  cent  of 

* 

that  salt.  Further,  that  in  the  second  soil,  to  which  no  fertilizer  was  added,  in 
the  i)resence  of  0.05  i>er  cent  of  so<lium  chlorid,  germination  was  slightly 
retarded,  but  the  plants  finally  recovered  and  grew  well.  As  to  the  results, 
these  authors  say : 

From  0.01  to  0.02  per  cent  of  sodium  chlorid  is  without  effect  on  the  wheat 
plant,  the  grain  germinating  well  and  the  plant  growing  vigorously.  With  0.05 
to  0.10  per  cent  of  sodium  chlorid  the  germination  is  somewhat  retardcnl,  the 
plants  are  less  vigorous,  but  recover  and  grow  well.  With  0.15  the  germination 
is  still  more  aflFectHl  and  the  plants  would  proliably  not  recover  under  less  fa- 
vorable conditions  than  those  of  the  exi)eriment.  Two-tenths  per  cent  of  sodium 
chlorid  in  the  soil  is  fatal  to  the  growth  of  wheat. 

An  experiment  performed  by  Messrs.  E.  Charabot  and  A.  Hubert  (Compt. 
Rend.  Acad.  Sci.  Paris,  l.'W:  181,  1902),  which  shows  the  chemical  infiuencfe  of 
sodium  chlorid  ui)on  more  mature  plants,  is  a  very  interesting  one.  These  inves- 
tigators found  that  by  adding  sodium  chlorid  some  chemical  properties  are 
decreased. 

The  writer  finds  that  a  2  per  cent  solution  of  sodium  chlorid  saturated  with 
calcium  sulphate  is  suftlcient  to  kill  moss  growing  on  the  soil  in  two  weeks* 
time.  At  the  end  of  one  week  no  change  is  noticeable,  except  that  growth  is 
retarded.  One  wc»ek  longer,  however,  suffices  to  kill  the  moss  completely  and 
turn  It  a  brownish  color.  The  solution  was  added  to  the  pots  on  which  the  moss 
grew  In  the  laboratory  every  otliej^g|bii^Glib^yyg|itthat  length  of  time. 

^    AUG  4  -  1905 
AfrrccTTvA.'^ 
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SUMMARY  OF  TABLES. 

In  order  to  make  more  easily  comparable  the  differences  of  resist- 
ance of  the  sev'eral  varieties  to  the  various  salts,  the  results  as  a  vrhok 
have  been  brought  together  in  the  following  table.  At  the  bottom  of 
the  columns  is  given  the  average,  for  each  salt,  of  the  toxic  limits  of 
all  the  varieties;  so  it  requires  only  a  glance  to  see  which  varieiie;? 
are  above  or  below  the  average  in  their  resistance  to  the  toxic  effect 
of  each  salt. 


Name  of  wh(*at  variety. 


Zimmerman 

Kharkof 

Padui 

Kubanka 

Turkey 

Haraouani  .. 

Budapest 

Preston 

Chnl 


Avei*aj;e 


Magne- 
sium sul- 
phate. 

Masrne- 

sium 
chlorid. 

Sodium 
carbon- 
sate. 

Sodium 
bicar- 
bonate. 

0.0075 

0.015 

a0U6 

aQ28 

.00625 

.01 

.015 

.08 

.0075 

.01 

.01 

.0275 

.0075 

.00675 

.aJ75 

.025 

.01 

.0075 

.015 

.(J«75 

.0075 

.01 

.008 

.0225 

.01 

.0125 

.006 

.(£5 

.006 

.005 

.0125 

.025 

.006 

.005 

.0125 

.025 

1      .00789 

.0109 

.(feS 

Sodium 

sul- 
phate. 

aQ5 

.0425 

.013 

.(6 

.OfeS 

.0475 

.0875 

.095 

.04 


I 

.  ScMliiLm 
ohJorid. 


.iCo 

.•1*3 
.•JR 

.1.65 


A  glance  at  tlie  above  table  shows  that  the  Zimmerman  variety  is 
much  the  most  resistant.  This,  however,  does  not  necessarily  mean  that 
it  is  most  resistant  to  every  salt.  On  the  contrary,  Zimmerman  is 
less  resistant  to  magnesium  sulphate  than  Budapest  and  Turkey,  less 
resistant  to  sodium  carbonate  than  Turkev  and  Kharkof,  and  less 
resistant  to  .sodium  bicarbonate  than  Kharkof.  This  same  varietv. 
however,  is  very  resistant  to  the  influence  of  sodium  chlorid,  sodium 
sulphate,  and  sodium  carl>onate,  which  brings  up  its  average  to  a 
considerable  extent.  The  least  resistant  variety  is  Chul,  which  run> 
low  for  all  salts  except  sodium  carbonate,  in  which  its  rt\sistance  is 
slightly  above  the  average  of  the  varieties  w^th  which  experiments 
were  made.  The  low  resistance  of  this  variety  was  unexi>ected,  in 
view  of  the  character  of  the  countrv  from  which  it  came. 

A  further  consideration  of  this  table  shows  how  nearly  equal  the 
Padui  and  Kubanka  varieties  are  in  their  resistance.  A  comparison 
of  the  two  varieties  for  the  same  salts  shows  but  a  slight  variation. 
Taking  into  consideration  the  original  habitat  of  the  two  varieties, 
we  would  expect  very  little  difference.  Both  are  Kussian  varietio> 
and  sul)jected  to  very  similar  climatic  and  soil  conditions.  Both 
varieties  are  very  resistant  to  salt  solutions,  and  in  view  of  the  fact 
that  they  both  come  from  regions  containing  much  saline  soil  their 
similarity  in  this  respect  is  not  surprising. 

Good  examples  for  contrast  to  Padui  and  Kubanka  are  fumislied 
in  Budai>est  and  Preston.     Budapest  is  a  naturalized  Michigan  vari- 
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ly  and  Preston  a  variety  from  Canada.  The  soil  and  climatic  condi- 
tons  are  very  similar.  Both  regions  are  comparatively  humid,  with 
Ltt.le  or  no  saline  soil.  Both  of  these  varieties  are  low  in  resistance  to 
alt  solutions,  just  as  would  be  expected. 

^  comparison  of  the  resistance  of  the  different  varieties  with  the 
egj'ion  from  which  th^y  came  in  respect  to  soil  and  climatic  condi- 
ioxis  shows  that  their  resistance  to  saline  solutions  can  probably  be 
orrelated  with  the  natural  habitat  of  the  varieties;  that  is,  the 
-esults  herein  obtained  indicate  that  a  variety  grown  in  a  locality 
laving  little  or  no  excess  of  salts  in  the  soil  has  a  comparatively  low 
'esistance  in  saline  water  cultures.  It  further  shows  that  varieties 
jrown  in  regions  having  more  saline  soils  have  a  much  greater  resist- 
iTice  in  saline  water  cultures. 


COMPABISON  OF  B-ESTTLTS  WITH  DIFFEBENT  SPECIES. 

The  results  obtained  for  the  lupines  by  Kearney  and  Cameron 
and  those  for  maize  by  Kearney  have  frequently  l)een  referred  to  in 
the  foregoing  pages.  It  has  been  possible  to  compare  them  to  the 
writer^s  results  with  wheat  only  in  a  fragmentary  way.  Since  there 
are  some  very  surprising  dilferences  in  the  toxicity  of  the  same  salts 
to  the  three  plants,  the  results  have  been  brought  together  in  one 
table  for  comparison.  Kearney  and  Cameron  used  but  one  variety 
of  the  lupine  and  of  maize,  their  results  being  shown  in  the  follow- 
ing table.     The  writer  in  his  experiments  on  wheat  has  used  nine 

different  varieties,  but  in  the  following  table  only  the  mean  resistance 

of  all  the  varieties  has  been  taken. 

The  limit  of  concentrati(m  of  the  salts  which  can  be  endured  by 

wheat,  lupine,  and  maize  is  as  follows,  the  results  being  stated  both  in 

fractions  of  a  normal  solution  and  in  parts  of  salt  per  100,000  of 

solution : 


Salt. 


Matpiesium  Kulphate 
Magnesium  chloricl . . 
Sodium  carbonate . . . 
S  >diiim  bicarbonate . 

Sodiom  sulphate 

Sodium  chlorid 


Degree  of  concentration. 


Wheat. 


Parts  of 
a  normal 
solution. 


0.007 
.Of  10 
.01 
Am 

.054 


Parts  i)er 
lOO^OOOof 
solution. 


lOS 

52 

217 

313 


Lupine. 

Parts  of 
a  normal 
solution. 

Parts  per 
l(NKUM)of: 

solution. 

1 

0.00125 

7 

.0(JS5 

12 

.005 

2H 

.(tt 

167 

.a)75 

53 

.02 

110 

Maize. 


Parts  of  I  Parts  per 


0.25 
.08 
.015 
.05 

.m 

.04 


hMX) 
884 
78 
417 
853 
232 


It  is  remarkable  that  while  magnesium  sulphate  is  the  most  toxic 
to  the  wheat  and  the  lupine  of  all  the  salts  used  it  is  the  least  injuri- 
ous to  maize,  being  thirty-five  times  and  two  hundred  times,  respec- 
tively, more  toxic  to  wheat  or  lupine  than  to  maize. 
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3T 


To  determine  whether  or  not  the  amount  or  the  composition  of  the 

ash  in  the  seed  could  be  correlated  with  the  resistance  of  the  seedlings 

to  saline  solutions,  analyses  of  seeds  of  each  variety  used  and  of  the 

'Same  origin  as  those  used  in  the  culture  experiments  were  obtained 

through  the  Bureau  of  Chemistry  of  the  Department  of  Agriculture. 

The  results  fail  to  show  any  correlation  l)etween  the  ash  constituents 

of  the  seeds  and  the  resistance  of  the  seedlings  in  water  cultures.     As 

the  absence  of  such  correlation  is  important,  the  table  of  analyses  is 

inserted.  *  It  is  a  surprising  fact  that  some  of  the  ash  constituents 

run  verv  low  for  varieties  such  as  Padui  and  Kharkof,  in  which  one 

^'ould  expect  them  to  be  high. 

Table  of  analyses  of  the  ash  constituents  of  wheat  seedlings. 


Variety. 


Zim  merman 
Kharkof.... 

l*adui 

Kubanka 

Turkey 

Blaraonam.. 
Budapest  ... 

Proaton 

Chul 


HjO. 

Crude 
aHh. 

CO,. 

MgO. 

KsO. 

NajO. 

PfOft. 

SO». 

8.34 

1.72 

0.060 

0.22 

0.45 

0.060 

0.86 

0.037 

8.25 

1.95 

.066 

.18 

.41 

.060 

.66 

.040 

8.72 

1.40 

.048 

.18 

.43 

.062 

.67 

.040 

7.68 

1.98 

.064 

.22 

.63 

.056 

.93 

.048 

7.54 

1.73 

.064 

.20 

.51 

.046 

.78 

.041 

9.70 

1.66 

.028 

.15 

.51 

.70 

.043 

8.  as 

1.91 

.048 

.21 

.68 

.042 

.94 

.040 

8.48 

1.35 

.040 

.23 

.47 

.045 

.97 

.067 

7.78 

1.98 

.088 

.28 

.50 

.78 

.042 

CL 


0.054 
.054 
.042 
.064 
.054 
.054 
.054 
.054 
.054 


INDIVIDUAL  VAHTABTTiTTY. 

Individual  variation  within  the  Jifferent  varieties  is  a  subject 
deserving  some  attention  in  this  connection.  Some  very  striking 
instances  have  been  noted  during  the  course  of  these  experiments. 
Since  it  has  been  demonstrated  beyond  dispute  that  the  varieties 
differ  one  from  another  in  resistance  to  toxic  salts,  it  is  onlv  natural 
to  suppose  that  the  individuals  of  the  same  variety  would  show 
diversity  in  this  respect.  It  is  the  existence  of  this  individual  varia- 
bility that  has  made  it  impossible  to  obtain  reliable  results  without 
testing  a  large  numl)er  of  st»edlings.  As  soon  as  this  factor  was 
eliminated  it  became  comparatively  easy  to  establish  the  toxic  limit. 
In  some  instances  it  was  more  difficult  than  in  others,  and  some  varie- 
ties were  especially  troublesome  in  this  respect.  The  reasons  for  this 
are  difficult  to  determine. 

Xo  experiments  have  been  conducted  for  the  exclusive  purpose  of 
demonstrating  the  range  of  individual  variation,  and  only  results 
are  here  recorded  which  have  l)een  brought  out  incidentally  during 
the  tests  for  varietal  variation.  The  writer  does  not  doubt  that 
experiments  with  this  end  in  view  would  bring  out  instances  of  indi- 
vidual variability  much  more  striking  than  any  so  far  obtained. 
Nearly  all  varieties,  however,  have  shown  exceeding  diversity  in  the 
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resistance  of  individual  plants,  and  it  will  Ix?  interesting  to  mentiat 
a  few  of  them.  In  the  experiments  to  determine  the  toxic  limits  fcr 
the  different  varieties  the  results  wei"e  based  on  averages,  e.  g..  ia  a 
solution  of  sodium  carbonate  of  a  concenti-ation  that  was  taken  to 
represent  the  toxic  limit  23  seeds  were  alive  in  a  0.01  solution  and  "11 
dead.  It  is  not  known  how  many  of  those  seedlings  which  wei-e  ali\e 
might  have  survived  in  a  solution  still  more  concentrated,  pe^hap^  of 
twice  the  strength,  nor  is  it  known  how  many  of  those  that  were 
killed  would  have  lx?en  killed  in  a  solution  onlv  half  as  concent  rate*  1/ 

Instead  of  making  tables  to  show  the  individual  variation,  as  was 
lii-st  suggested,  only  striking  instances  will  be  referred  to  under  the 
names  of  the  diiFerent  varieties.  A  series  of  tables  would  require 
more  space  than  can  here  Ix;  given  to  the  subject. 

Buclapefft, — In  connection  with  the  experiments  with  the  Budapest 
variety  two  striking  instances  have  t>een  noted,  one  with  sodium 
bicarbonate  and  the  other  with  magnesium  suljdiate.  The  toxic 
limits  for  these  two  salts  are  0.025  and  0.01  of  a  normal  soIntioD. 
respectively.  In  one  experiment,  out  of  a  number  of  st*ed lings  in 
0.015  nornud  sodium  bicarbonate  two  died.  In  the  case  of  magne- 
sium sulphate,  in  one  experiment  all  the  rootlets  were  dead  in  O.OLi 
nonnal  except  one,  which  survived.  Here  are  two  instances  with 
remarkable  extremes.  In  the  former  case  the  two  seeds  were  of 
exceedingly  low  vitality,  while  in  the  latter  instance  one  see<i  had 
remarkably  great  vitality. 

ChuL — No  ver}^  marked  individual  variations  presented  them- 
selves during  the  experiments  with  the  Chid  variety. 

Turkey, — Few  remarkable  variations  were  observed  with  the  Tur- 
key variety.  But  one  instance  deserves  special  attention.  The  aver- 
age toxic  limit  in  magnesium  sulphate  is  0.01  normal,  but  in  a  num- 
ber of  tests  a  few  seedlings  w-ere  readily  killed  in  a  solution  only 
half  as  concentrated  as  the'  solution  in  which  one-half  of  the  total 
number  of  individuals  exposed  to  it  survived. 

Preston. — The  experiments  with  magnesium  salts  brought  out  two 
interestinij  cases  with  the  Preston  varietv.     The  toxic  limit  for  this 

a  Moore  and  Kelleniiaii  (Bui.  64,  Bureau  of  Plant  Industry,  U.  S.  Dept  »»f 
Agriculture)  have  given  some  excellent  instances  of  individual  variability  with 
rcsi)cct  to  resistance  to  toxic  agents.  They  have  made  numerous  exiierluients 
with  copper  sulphate  ui)on  diflferent  alga?  which  are  found  in  water  supplies. 
They  found  that  1  part  of  coi)[>er  sulphate  to  2.000  of  water  was  sufficient  to 
kill  one-hnlf  of  the  individuals  of  Chlampdomotuts  piriformis  exixtsed  to  it  in 
two  days,  while  the  same  concentration  was  sufficient  to  kill  only  one-tenth  of 
the  same  form  in  three  following  days,  and  in  three  other  days  only  one-fourtli. 
With  Deffwidiuin  »irartzii  1  pa  t  of  copiier  to  100,000  was  sufficient  to  destroj 
one-half  and  three-fourths,  respectively,  of  the  individuals  Involved  in  tno 
(lifPereiit  sets  of  experiments.  Numerous  other  instances  might  \ye  cite<1.  bat 
these  will  suffice  to  show  that  individual  variation  in  this  resiiect  is  not  wii- 
Uued  to  wheat  alone. 
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variety  with  both  the  chlorid  and  the  sulphate  of  magnesium  is 
O.OOo  normal.  In  both  salts,  however,  rootlets  of  some  of  the  plants 
survived  in  solutions  twice  as  concentrated.  In  the  case  of  magne- 
sium chlorid,  8  out  of  25  survived,  while  w^ith  the  sulphate  only  2 
out  t)f  the  same  number  survived. 

Khavh'of, — In  solutions  of  sodium  chlorid  and  sodium  sulphate  of 
a  concentration  of  0.045  and  0.0«i5  normal,  respectively^  one  seedling 
of  the  Kharkof  variety  w  as  dead  in  each,  the  limits  fixed  for  these 
two  salts  being  0.055  and  0.0425.  The  root  tips  of  two  seedlings  were 
killed  in  0.02  normal  of  sodium  bicarbonate,  for  which  the  average 
toxic  limit  is  0.03. 

Zlmmei^mm, — The  Zimmerman  variety,  wiiile  the  most  resistant  of 
all,  shows  some  very  marked  individual  variation.  A  striking  in- 
stance occurred  with  magnesium  chlorid,  the  average  toxic  limit  of 
Avhich  is  0.015  normal.  In  a  solution  one-third  as  concentrated  (0.005 
normal)  2  seedlings  out  of  20  could  not  survive.  The  limit  of  con- 
centration for  this  varietv  in  sodium  chlorid  is  0.0()5  normal,  but  the 
rootlets  of  one  seedling  could  not  survive  in  0.045.  Similar  to  this 
are  the  results  with  sodium  sulphate,  the, toxic  limit  being  0.05,  but 
the  root  tips  of  two  individuals  did  not  survive  in  0.035  normal 
solution. 

PaduL — No  variation  of  any  importance. 

MaraouanL — The  rootlets  of  two  st»edlings  of  the  Maraouani  vari- 
ety were  killed  in  0.005  normal  magnesium  sulphate,  while  3  out  of  20 
individuals  survived  in  0.015.  The  average  toxic  limit  for  this  salt 
is  0.0075  of  a  normal  solution. 

Kuhanka, — No  important  variations. 

irETTTBAIilZINa  EFFECT  OF  THE  SALTS  EMPLOYED  UPON  OTHER 

TOXIC  SXTBSTANCES. 

Because  of  a  discovery  which  was  made  when  these  experiments 
Avere  almost  completed  it  is  necessary  to  add  a  few  remarks  upon  the 
neutralizing  effect  upon  other  toxic  substances  of  the  salts  of  sodium 
find  magnesium.  During  the  whole  course  of  the  experiments  the 
^'riter  was  unable  to  get  seedlings  to  grow  or  even  to  live  for 
twenty-four  hours  in  the  distilled  water  used.  This  seemed  unac- 
countable, as  it  quite  disagreed  with  the  results  of  other  experi- 
menters. Coupin  found  the  roots  of  wheat  seedlings  to  thrive 
well  in  perfectly  distilled  water,  and  Deherain  and  Demoussy" 
showed  absolutely  pure  water  to  be  perfectly  harmless  to  root 
growth.  Numerous  experiments  have  been  made  to  determine  this 
point,  with  more  or  less  varying  results.  Certain  experimenters 
have  held  that  distilled  water  was  not  conducive  to  good  growth. 

"Siir   la    Gerniiuatiou   dans    I'Eau   Distille,    Coinpt.    Hend.,    Psiris,    182:   oS.*] 
(1901). 
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Tliis  is  probably  an  error  so  far  as  young  seedlings  are  concmied. 
The  seed   contains  everything  necessary  for   the  early   growth  of 
the  plant,  and  the  absence- of  all  minerals  or  other   nutrient  com- 
pounds in  the  surrounding  solution  should  produce   no  bad  effect 
during  the  earliest  stages  of  growth.     Those  who  claim  that  dis- 
tilled water  is  injurious  will  probably  find,  upon   closer  observa- 
tion, that  it  is  some  injurious  substance  in  the  water  which  is  really 
toxic  to  the  roots.     In  the  case  of  many  plants  one  of  the  most  toxic 
substances  known  is  copper,  and  it  is  more  than  likely   that  it  :s 
present  in  much  of  the  water  which  experimenters  have  found  to  be 
injurious.     Coupin  states  that  one  part  of  copi>er  to  700,000,000  of 
water  is  sufficient  to  retard  the  root  growth  of  wheat  seedlings,    A 
mere  trace  of  copper  is  sufficient  to  retard  growth  in  many  eases. 

As  a  result  of  an  analysis  made  in  the  Burejiu  of  Chemistry  of  the 
Department  of  Agriculture  of  the  distilled  water  usee!  in  these 
experiments,  it  was  found  to  contain  a  considerable  quantity  of  zinc, 
but  no  trace  of  copper.  Tlie  harmful  effect  probably  should  be 
attributed  to  zinc  alone.  The  water  used  in  these  exp)eriments  was 
distilled  but  once,  and  was  collecited  in  a  porcelain  tub  as  a  receiver. 

It  was  thought  while  the  work  with  wheat  seedlings  was  in  prog- 
ress that  copper  or  zinc  might  l)e  the  cause  of  the  injurious  effects, 
but  the  writer  used  the  water  from  the  same  still  for  all  exi>erinients 
with  Lupimis  albua^  and  no  toxic  effect  of  the  distilled  water  was 
noticeable.  Control  checks  with  lupines  were  carried  in  both  Jij*- 
tilled  and  hydrant  water,  and  no  difference  was  found  in  the  rate  of 
growth.  It  was  this  observation  which  at  the  outset  of  the  work  with 
wheat  gave  the  writer  confidence  in  the  quality  of  the  distilled  water. 
This  is  apparently  another  indication  that  different  species  of  plant- 
vary  greatly  in  their  ability  to  resist  the  influence  of  toxic  salts. 
Wheats  are  apparently  much  more  sensitive  than  lupines  to  pun? 
solutions  of  zinc  salts,  although  much  less  sensitive  to  pure  solutions 
of  sodium  and  magnesium  salts. 

At  fii-st  thought  one  w^ould  conclude  that  since  the  distilled  water 
used  contained  harmful  substances  the  experiments  above  descril>e<J 
are  practically  without  value;  but  suck  is  not  the  case,  as  will  be 
seen  before  this  discussion  is  completed.  In  order  to  compare  closely 
the  water  used  during  most  of  the  experiments  with  absolutely  pure 
water,  some  experiments  were  made.  To  secure  absolute  purity  ifl 
the  water  a  new  still  was  made  of  the  best  nonsoluble  glassware,  hav- 
ing no  metal  in  any  of  its  parts.  The  same  water  that  had  been 
previously  used  was  redistilled  for  the  purpose.  The  wheat  seedlings 
were  treated  in  every  way  as  before.  A  control  was  also  carried  in 
Potomac  River  water  for  comparison,  and  each  lot  of  see<i  was  taken 
up  each  day  and  the  elongation  of  the  rcwts  measured  and  recorded 
for  four  consecutive  days.     In  the  twice-distilled  water  they  grew 
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about  as  well  as  in  hvdrant  water.     In  order  to  show  to  what  extent 
the  impurity  of  the  water  used  would  affect  former  experiments,  salt 
solutions  of  a  dilution  far  below  the  toxic  limits,  as  already  estab- 
lished, were  made,  using  the  water  which  was  but  once  distilled.     The 
results  showed  that  the  toxic  element  in  the  water  was  effectively 
neutralized  by  the  addition  of  even  minute  quantities  of  any  one  of 
the  salts  used  in  the  experiments.     For  comparison  equal  numbers  of 
seeds  were  tested  at  the  same  time  in  the  water  distilled  twice,  in  that 
distilled  but  once  (that  used  throughout  the  above-described  experi- 
ments), and  in  dilute  salt  solutions  made  up  with  the  once-distilled 
vrater. 

The  following:  table  embodies  the  results  obtained  with  verv  dilute 
solutions  of  the  salts,  with  distilled  water,  and  with  hvdrant  water: 

7  t  V 


Elongation  of  roots  at  the  end  of  a 
given  time. 


Water  or  solution. 


First 
dav. 


Second 
day. 


Third 
day. 


Fourth 
day. 


Water  distilled  once 

Water  distilled  twice 

Ifagnesiam  sniphate  (0.001  normal)'' 
Ha^nesinm  chlorid  (O.OOl  normal  )<> .. 
Sodium  carbonate  (0.001  normal )a ... 
Sodium  bicarbonate  (0.0075  normal)^ 

Sodium  sulphate  (0.015  normal )<i 

Sodium  chlorid  (0.015  normal  )<i 

Hydrant  water 


•trnnx. 

2.2 

11.4 

10.0 

16.8 

11.3 

10.6 

8.5 

7.8 

9.4 


■mvx . 

mm.      1 

2.2 

2.2 

26.2 

33.7 

21.2 

27 

90.8 

37.6 

14.5 

16.8 

ii 

31 

22 

31.5 

15 

19 

23.8 


37.4 


mm. 
2.2 
36.3 
27.6 
38.2 
17.8 
32.4 
34.8 
22 
46 


"The  mean  toxic  limit  of  all  varieties  of  wheat  tested  in  the  presence  of  the  salts  here 
employed  Is  shown  as  follows : 

Parts  of  nor- 
mal solution. 

Magnesium  sulphate 0.00736 

Magnesium  cblorid   .00031 

Sodium  carbonate .0100 

Sodium    bicarbonnte    .020 

Sodium  sulphate .0432 

Sodium   chlorid    .0542 

A  comparison  of  these  figures  with  the  table  al)ove  shows  that  from  one-third  to  one- 
tenth  the  concentrations  of  the  solutions  which  represent  the  limit  of  endurance  of  the 
wheat  varieties  is  sufficient  to  neutralize  the  harmful  effect  of  the  zinc  present  in  the 
distilled  water. 

The  above  table  shows  that  after  an  elongation  of  2.2  mm.  during 
the  first  day  in  the  water  distilled  once  no  further  growth  took  place. 
A  comparison  of  that  with  absolutely  pure  water  (in  this  case  redis- 
tilled) shows  that  there  was  some  element  in  the  first  water  which 
hindered  growth  and  which  was  not  found  in  the  second.  This,  as 
the  chemical  analysis  above  referred  to  showed,  is  probably  zinc. 

The  results  in  the  dilute  salt  solutions  which  were  made  up  with  the 
injurious  once-distilled  water  showed  that  there  was  no  material  dif- 
ference in  the  elongation  made  in  them  and  in  the  checks  in  redis- 
tilled and  hvdrant  water.     It  is  not  assumed  that  these  dilute  solu- 
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stimulating  effect  uiwn  growth,  as  compared  with  that  in  the  distilled 
water  control  during  a  corresiJonding  i)eri(Hl.  This  was  shown  to  be  the  case 
for  salts  of  calcium,  both  the  chlorid  and  the  sulphate  acting  as  stimuli. 

These  investigators  found  decisive  evidence  of  such  stimulating 
action  with  both  the  carbonate  and  the  bicarbonate  of  sodium. 
Sodium  sulphate  and  sodium  chlorid  gave  purely  negative  results. 
Very  marked  results  of  this  kind  were  observed  bv  Cameron  and 
Breazeale  when  w^orking  with  acids.  Hydrochloric,  sulphuric,  and 
nitric  acids  in  concentrations  but  little  below  the  toxic  limit  produced 
enormous  stimulation,  especially  with  wheat. 

Copeland  «  shows  that  zinc  and  copper  in  water  cultures  accelerate 
l^rowth  when  the  solutions  are  not  much  more  dilute  than  those  that 
are  distinctly  toxic.  Similar  observations  have  been  made  by  many 
earlier  investigators. 

In  the  experiments  with  wheat  all  the  salts  were  found  to  stimu- 
late growth  except  sodium  chlorid  and  sodium  carbonate,  which  were 
indifferent   at  the   lowest   concentration   used.     It  is   not   unlikely, 
however,  that  if  the  proper  dilution  of  the  carbonate  were  employed 
it  would  be  found  to  act  as  a  stimulus  with  wheats  just  as  it  did  wnth 
lupines.     In  fact,  it  was  found  that  the  same  concentration  of  certain 
salts  which  was  decidedly  toxic  for  some  varieties  of  wheat  will 
act  as  a  stimulant  to  another  variety.     Especially  is  this  true  of  the 
chlorid  and  sulphate  of  magnesium.     In  a  0.005  solution  of  each  of 
these  salts  the  elongation  of  the  roots  of  Turkey  wheat  was  equal  to 
that  in  the  control  of  hydrant  water  during  the  period  of  twenty- 
four  hours.     The  toxic  limits  for  this  variety  are  0.0075  normal  for 
the  chlorid  and  0.01  normal  for  the  sulphate.     As  will  be  seen,  two- 
thirds  and  one-half  the  concentration  of  the  toxic  limit,  respectively, 
not  only  were  not  toxic  but  actually  acted  as  a  stimulating  influence. 
There  is  a  230ssibility,  in  view  of  these  results,  that  dilutions  not  very 
much  below  the  toxic  limit  are  more  likely  to  have  a  stimulating 
effect  than  are  much  more  dilute  solutions.     This,  however,  is  not 
a  question  to  be  settled  at  this  time,  but  will  require  to  determme  it 
a  series  of  special  experiments. 

A  0.015  normal  solution  of  sodium  sulphate  caused  an  elongation 
about  one  and  one-half  times  as  great  as  that  in  hydrant  water.  The 
same  dilution  of  sodium  chlorid  gave  results  somewhat  less  striking, 
but  the  elongation  was  well  above  the  average  of  that  in  the  hydrant- 
Avater  checks. 

As  before  stated,  it  would  seem  that  instead  of  being  injurious, 
dilute  solutions  of  these  salts  might  be  decidedly  advantageous,  yet 
if  they  cause  an  unnatural  growth  their  presence  must  be  considered 
as  detrimental  rather  than  beneficial.     Copeland  calls  attention  to 


aCliemical   Stiuiuiation   and   the   Evolution   of  Carbon   Dioxide.     Bot.    (iaz., 
35:81-98  (1903). 
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this  fact,  and  is  of  the  opinion  that  substances  acting  as  stiuiiiliiiit- 
are  in  the  long  run  injurious. 

It  is  of  course*  an  established  fact  that  certain  of  these  salt^s  are 
beneficial  and  even  necessary  in  particular  cases.  It  has  been  clainn^J 
that  chlorids  are  indispensable  to  buckwheat.  The  plant  thrive< 
well  until  it  has  passed  the  blooming  stage,  at  a  period  when  potas- 
sium chlorid  seems  necessary  to  complete  the  fruiting  stage.  Thi- 
fact  has  aj)parently  l>een  demonstrated  by  exi^eriment.  Ijoe^  * 
says  that  fungi  grown  in  culture  solutions  containing  only  traces  of 
magnesia  form  no  spores,  but  by  increasing  the  amount  of  leihicin 
and  thus  adding  more  magnesium  to  the  culture  solution  spores  will 
be  formed.  Magnesium  salts  are  as  indisi)ensable  to  fungi  a-  tt> 
higher  plants,  but  an  exceedingly  small  amount  is  sufficient  when  the 
solution  has  an  acid  reaction. 

Plants  are  often  benefited  bv  sodium  salts.^  While  three  of  the^ 
salts — the  chlorid,  bicarbonate,  and  carbonate — ai'e  not  indispensable 
to  the  plant,  they  accelerate  ripening  in  some  of  the  cereals, 

Loew  asserts  that  sodium,  manganese,  and  silicon  are  often  liene- 
ficial  but  not  indispensable  to  phanerogams.  Sodium  salts  are  not 
essential  in  the  physiological  processes  of  plants,  but  are  indispen- 
sable to  animals. 

PKACTICAL  VALTJE  OF  RESULTS. 

There  is  certainly  a  very  practical  lesson  to  be  drawn  from  the 
results  descrilx»d  in  this  paper.  It  has  of  course  long  lieen  known 
that    plants   of   different    genera    and    species   show    very    different 

"The  Physlolojiionl  Role  of  Mineral  Nutrients  in  Plants.  B«l.  45,  Riireau  of 
Plant  Industry.  I'.  S.  Dept.  of  Ajrriculture  (1003). 

&  Cbittenden  and  Waclisnian  are  of  tlie  opinion  that  the  conversion  of  stjin'h 
into  dextrin  and  sugar  (diastase)  Is  more  vigorous  in  the  presence  of  small 
([uantities  of  sodium  chlorid  (0.24  per  cent).  Several  investigators,  promineut 
among  whom  are  Sprengel  and  Liebig,  have  shown  that  various  crops,  and  more 
especially  beans,  are  niu<*h  benefited  by  tlie  application  of  small  quantities  of 
common  salt. 

Pethybredge  (Rot.  Centralbl..  No.  .'«,  1001)  is  autliority  for  the  staftMnt^it 
that  the  color  of  wheat  leaves  is  intensified  when  sodium  chlorid  is  applietl. 

S.  Suzuki  (Bui.  Coll.  Agric,  Tokyo,  5:  No.  2,  p.  100)  showed  tliat  iK)tassium 
iodld,  even  in  very  high  dilutions,  exerted  a  stimulating  action  on  tlie  gniwth 
of  the  pea:  and  (ibid..  No.  4.  p.  473)  that  dilute  quantities  of  iM>tassiuni  imlid 
stimulated  oats.  In  opposition  to  these  stimulating  efifects-the  s:une  investigJi- 
tor  has  found  (ibid..  No.  4,  p.  513)  that  vanadin  sulphate,  even  In  ver>-  dilute 
quantities,  produced  little  or  no  stimulating  action  on  barley,  though  lie 
states  that  a  very  weak  stimulating  action  on  the  roots  seemed  to  have  tsiken 
I  lace  in  a  0.01  per  mille  of  vanadin  sulphate,  lie  further  shows  (Ibid..  No.  2» 
that  potassium  ferrocyanid  acts  as  a  iioison  on  plants  in  water  cultures  even  in 
very  high  dilutions. 
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behavior  when  brought  into  relation  with  saline  or  alkaline  soils. 
But  the  species  itself  may  include  a  great  number  of  different  varie- 
ties or  races,  as  in  the  case  of  wheat.  It  is  not  enough  to  know  that 
Avheat  in  general  is  better  adapted  to  a  certain  region  because  of  soil  or 
climatic  conditions  than  is  Indian  corn  or  cotton,  but  in  addition  it  is 
necessarv  to  know  which  of  the  manv  varieties  of  wheat  is  best  suited 
to  that  region.  Such  knowledge  might  save  many  years  of  constant 
b^election  with  a  view  to  acclimatization. 

Soils  are  often  known  to  contain  sodium  chlorid  or  magnesium 
sulphate  or  some*  other  salt  in  such  quantity  as  to  be  fatal  to  some 
varieties,  while  permitting  others  to  flourish.  Now,  it  has  been  pos- 
sible by  these  experiments  to  determine  that  some  varieties  of  wlieat 
are  much  more  resistant  to  a  i^articular  salt  than  others,  and  they  are 
the  ones  which  would  be  expected  a  priori  to  thrive  best  in  a  region 
where  that  salt  predominates,  other  conditions  being  equal.  By  souie 
of  the  experiments  it  was  found  that  some  varieties  would  thrive 
equally  well  in  three  times  the  concentration  of  sodium  carbonate  as 
others.  A  simple  deduction  from  such  results  would  be  that  for  a 
region  containing  large  quantities  of  '*  black  alkali  ■'  the  v  ariety 
shown  to  have  the  greatest  resisting  power  should  be  selected. 

A  knowedge  of  the  limits  of  individual   variation  within   each 
varietv  is  likewise  very  essential.     Often  the  most  resistant  varieties 

•f  ft' 

are  not  always  the  most  desirable  in  other  respects  and  a  sort  which 
is  less  resistant  would  be  preferable.  In  case  such  a  sort  has  a  great 
individual  variation  in  resistance  to  salts  it  should  be  compara- 
tivelv  easv  to  introduce  it  bv  gradual  selection  of  the  most  resistant 
individuals,  though  a  little  more  time  would  naturally  be  required 
than  in  introducing  a  variety  tluit  is  already  more  resistant,  as  a 
smaller  jx^rcentage  of  the  plants  would  survive  to  furnish  seed  for  the 
next  crop. 

It  is  believed,  therefor^,  that  the  results  of  these  experiments  att'ord 
additional  proof  that  the  adaptation  of  useful  cultivated  plants  to 
saline  or  alkaline  soil  conditions  is  one  of  the  most  promising  of 
plant-breeding  problems. 

SUmiAKY. 

(1)  The  salts  with  which  the  experiments  were  made  are  injurious 
to  wheat  seedlings  in  the  following  order:  Magnesium  sulphate, 
magnesium  chloiyd,  sodium  carbonate,  sodium  ])i(*arbonate,  sodiimi 
sulphate,  and  sodium  chlorid.  This  is  asserted  as  true  only  of  wheat, 
and  a  quite  different  order  might  possibly  be  established  for  other 
plants. 

(2)  The  results  ol)tained  from  a  few  individual  seedlings  are  inac- 
curate and  unreliable.     A  large  number  nuist  be  tested  in  order  that 
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individual  variation  maA'  be  eliminated.  Usuallv  about  ten  davs 
of  experiment  and  from  00  to  100  seedlings  were  employe<l  to  estab- 
lish the  toxic  limit  for  each  A^arietv  in  each  salt. 

(3)  Wheat  is  one  and  a  half  to  six  times  as  resistant  as  white 
lupines,  according  to  the  salt  used.  In  sodium  bicarbonate  the  lea^: 
and  in  magnesium  sulphate  and  sodium  carbonate  the  g;reatest  differ- 
ence in  resistance  l)etween  these  two  plants  is  shown. 

(4)  Different  varieties,  representing  the  two  extremes,  vary  in  the 
ratio  of  1  to  8  in  their  resistance  to  the  toxic  effect  of  different 
salts.  This  is  especially  true  for  sodium  carbonate  and  magnesium 
chlorid.     In  magnesium  sulphate  they  vHry  in  the  ratio  of  1  to  2. 

(5)  The  variety  most  resistant  as  a  whole  is  not  necessarily  the  meet 
resistant  to  everv  salt.  The  varietv  that  averages  least  in  resistance 
may  bo  twice  as  resistant  to  some  one  particular  salt  as  that  which 
averages  highest.  In  this  fact  may  be  found  the  secret  of  selecting  a 
varietv  for  a  localitv  where  the  soil  contains  an  excess  of  some  one 
salt. 

(6)  The  least  resistant  variety  is  not  always  the  least  resistant  for 
every  salt  used.  It  may  be  exceedingly  resistant  to  one  or  more  >alt:- 
and  vet  have  a  verv  low  sum  total  resistance. 

(7)  It  is  not  possible  from  the  results  with  a  few  varieties  to  draw 
general  conclusions  for  all  sorts  of  wheat.  Each  will  have  lo  l»e 
worked  out  for  itself. 

(8)  Varieties  which  come  from  localities  where  saline  salts  alK>und 
are  the  most  resistant  in  water  cultures  to  these  toxic  salts.  Varie- 
ties from  humid  regions  are  less  resistant. 

(9)  In  general,  the  more  toxic  the  salt  the  greater  is  the  ratio  of 
resistance  of  one  varietv  to  another.  The  less  toxic  the  salt  the 
smaller  is  the  ratio.  For  sodium  carbonate  and  magnesium  chlorid 
the  ratio  of  resistance  is  greatest,  being  as  1  to  3.  For  the  remaining 
salts  it  is  smaller. 

(10)  Individual  variation  is  more  prevalent  and  makes  the  estab- 
lishment of  the  toxic  limit  much  more  difficult  in  some  varieties  than 
in  others. 

(11)  All  the  salts  used  act  as  stimulants  in  dilute  solutions  except 
sodium  carbonate  and  sodium  chlorid,  which  were  neutral  even  in 
very  dilute  solutions.  In  some  cases  the  elongation  in  dilute  solutions 
was  nearly  twice  that  occurring  in  the  controls  of  hydrant  water, 

(12)  Absolutely  pure  distilled  water  does  not  hinder  development, 
but  traces  of  zinc  are  sufficient  to  kill  the  root  tips  in  twenty-four 
hours. 

(13)  The  economic  importance  of  these  results  is  based  upon  the 
fact  that  water-culture  experiments  may  be  a  means  for  sjiving  several 
years  of  selection  by  indicating  whether  a  certain  variety  is  adapted 
to  soil  conditions  in  a  particular  region. 
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PREFACE. 


While  the  agricultural  explorers  sent  out  by  this  OflSce  are,  as  a 
rule,  sent  for  the  purpose  of  securing  some  special  seeds  or  plants 
desired  for  introduction  into  the  United  States,  they  are  also  expected 
to  make  themselves  as  familiar  as  possible  with  the  agricultural  prac- 
tices of  the  countries  they  visit  and  with  the  crops  that  succeed  under 
the  conditions  described.  That  some  of  the  practices  observed  may 
be  profitiibly  followed  in  those  parts  of  the  United  States  having  simi- 
tar soil  and  climatic  conditions  is  more  than  probable,  and  that  certain 
of  these  crops  will  prove  useful  has  already  })een  demonstrated. 

The  American  farmer  of  to-day  wants  to  know  what  is  being  done 
elsewhere,  and  he  is  especially  interested  in  hearing  how  other  people 
meet  difficulties  similar  to  those  with  which  he  has  to  contend.  The 
reports  of  our  agricultural  explorers,  we  believe,  will  therefore  fill 
a  distinct  place  in  agricultural  literature.  This  report  points  out 
clearly  the  close  similarity  in  climate  existing  between  certain  portions 
of  the  Southwestern  States  and  Algeria,  making  it  plain  that  we  must 
look  to  that  country  for  the  introduction  of  many  useful  plants  into 
our  arid  and  semiarid  districts. 

We  have,  indeed,  already  availed  ourselves  of  the  opportunities  thus 
offered.  The  date  palms  so  far  secured  have  come  largely  from  Alge- 
ria; certain  grains  from  that  country,  now  being  tested,  give  promise 
of  unusual  value;  and  the  writers  of  this  report  brought  back  a  quan- 
tit}'  of  alfalfa  seed  from  salt- resistant  plants,  which  has  already  been 
tested  and  gives  promise  of  decided  usefulness  in  Arizona  and  Cali- 
fornia. 

To  throw  as  much  light  a,s  possible  upon  the  conditions  under  which 
crops  are  grown  in  Algeria,  chapters  upon  the  topography,  climate, 
irrigation,  and  soils  are  included.  These,  together  with  the  brief  his- 
torical and  political  sketch,  have  been  prepared  b}*^  Thomas  H.  Means. 
The  remainder  of  the  report  was  written  by  Thomas  II.  Kearney. 

The  writers  wish  to  acknowledge  the  services  cordially  rendered 
them  by  the  following-named  gentlemen  in  the  prosecution  of  their 
work:  Mr.  Henri  Vignaud,  of  the  United  States  embassy  in  Paris; 
the  Governor-General  of  Algeria,  and  the  French  Resident  at  Tunis; 
Dr.  L.  Trabut,  of  the  botanical  service  of  the  government  of  Algeria; 
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the  Commandant  of  the  Bureau  des  Affaires  Indigenes  at  Algiers;  the 
commandants  of  the  militarj'  circles  of  Biskra  and  Tougourt;  Lieu- 
tenant Ber^aud,  Chef  du  Bureau  Arabe  at  the  latter  place;  il. 
Colombo,  of  the  Compagnie  de  FOued  Rirh  at  Biskra;  Mr.  Daniel  Kid- 
der, United  States  consul  at  Algiers;  M.  Vilmorin,  of  the  seed  firm  of 
Vilmorin-Andrieux  &  Co.,  and  M.  Emerich,  agent  of  that  firm  for 
America. 

A.  J.  PlETERS, 

Botanist  in  Charge, 
Office  of  Seed  and  Plant 

Introduction  and  Distribution, 

Washington^  D,  6'.,  February  17^  1905, 
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AGRICULTURAL  EXPLORATIONS  IN 

ALGERIA. 


IHTBOBUCTION. 

-  The  principal  object  of  the  writers'  visit  to  Algeria  was  to  secure  for 
trial  in  the  "  alkali  "  lands  of  the  western  United  States  seed  of  such 
of  the  important  field  crops  as  might  show  indication  of  an  unusual 
degree  of  resistance  to  salt  in  the  soil.  There  was  reason  to  believe 
that  in  northern  Afric*a,  if  anywhere  in  the  world,  useful  plants  would 
be  found  to  have  developed  such  resistance  through  long  cultivation  in 
Haline  soils  under  a  dry,  hot  climate. 

Agriculture  is  too  new  in  the  arid  part  of  America  to  make  it  likely 
that  races  in  which  the  quality  of  resistance  to  "alkali"  has  become 
fixed  should  as  yet  have  arisen  there  without  direct  efforts  to  breed 
them.  'But  in  the  Saham  Desert,  and  in  adjacent  regions,  all  the  con- 
ditions are  favorable  to  the  production  of  such  races  through  natural 
selection.  There  we  find  the  greatest  continuous  bod}^  of  desert  land 
in  the  world.  The  cultivated  soils  and  the  water  used  in  irrigation 
often  contain  an  excess  of  soluble  salts.  Finally,  agriculture  has  been 
practiced  there  for  thousands  of  years,  and  well-marked  varieties  of 
various  cultivated  plants  have  been  developed.  ^ 

As  a  matter  of  fact,  it  is  already  known  to  the  Department  of  Agri- 
culture that  such  salt-resistant  races  exist  in  northern  Africa.  Sev- 
eral of  the  agricultural  explorers  sent  out  by  the  Department  have 
reported  this  to  be  true  of  Algerian  wheats  and  barleys.  Mr.  W.  T 
Swingle  brought  back  with  him  from  the  oases  of  the  Sahara  seed  of 
alfalfa  that  was  growing  in  soils  containing  a  high  percentage  of  salt. 
It  was  desirable,  however,  to  determine  just  how  resistant  this  Alge- 
rian alfalfa  is  and  to  obtain  a  larger  quantity  of  the  seed,  in  order  that 
it  could  be  fairlv  tested  in  the  southwestern  United  States. 

It  is  believed  that  this  object  was  accomplished.  The  fact  that 
alfalfa  in  the  oa.ses  withstands  a  greater  amount  of  soluble  salts  in  the 
soil  than  ordinary  American  alfalfa  was  established  beyond  reasonable 
question.  A  sufficient  quantity  of  seed  was  obtained  to  insure  a 
thorough  trial  of  it  in  parts  of  our  country  where  a  similar  climate 
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prevails.  At  the  same  time  a  careful  search  was  made  in  Turi 
parts  of  Algeria  for  such  other  cultivated  plants  as  mig-ht  pre 
useful  for  salt  soils.  Incidentally  the  writers  procured  all  possii 
information  as  to  the  character  of  the  siiline  soils  of  Algeria,  the  n 
in  which  they  are  handled,  and  such  attempts  as  have  l>een  made  I 
reclaim  them. 

The  coast  region  of  Algeria  strikingly  resembles  the  correspondi) 
part  of  California  in  climate,  in  physiography,  and  in  the  crops  grci^! 
The  interior  of  California,  and  of  the  extreme  southwe>stern  I'^niti 
States  generally,  corresponds  in  many  ways  to  the  steppe  and  the  dese 
regions  of  northern  Africa.  It  is  true  that  in  some  respects  agxicii 
ture  has  reached  a  more  advanced  stage  of  development  in  C^lifomi 
than  in  Algeria;  yet  there  are  probably  some  matters  in  which  ti 
French  colony  can  give  lessons  to  the  American  State.  For  this  rea&isc 
it  seems  advisable  to  present  a  sketch  of  Algerian  agriculture  as  a  whol 
in  addition  to  a  more  detailed  ac^iountof  the  special  subjects  which  tl 
writei's  were  sent  out  to  investigate.  The  writei"s'  stay  in  Algeria  wj 
limited  to  one  month,  from  July  20  to  August  20,  1902.  It  is  full 
realized  that  this  length  of  time  was  entirely  inadequate  for  an \' thin 
like  a  thorough  study  of  agriculture  in  the  colony,  especially  as  th 
mild  winter  permits  crops  to  be  grown  at  all  seasons  of  the  year.  Tb 
date  of  the  writers'  visit  to  Algeria  was  determined  partlv  hy  tb 
necessit}^  of  reaching  Egypt  in  time  to  study  cotton  at  the  height  o 
its  development,  and  partly  by  their  desire  to  Ansit  the  oases  of  thi 
Sahara  at  the  season  when  the  seed  crop  of  alfalfa  is  being-  made 
The  information  the}'  could  obtain  b}'  direct  observation  wa^  neoes 
sarily  fragmentary  in  the  extreme.  To  supplement  this,  recourse  bA? 
been  had  to  the  rather  extensive  literature  of  Algerian  agriculture. 
In  the  preparation  of  this  report  the  excellent  work  of  Battandier 
and  Trabut,  entitled  ^'L'Alg^rie''  (Paris,  1898),  has  been  freely  con- 
sulted. Much  information  has  also  been  drawn  from  papers  upoir 
special  subjects  by  Doctor  Trabut  and  others,^  from  the  important 
''Manuel Pratique de  PAgriculteur  Alg^rien "  (Paris,  1900)  of  Riviere 
and  Lecq,  and  from  various  other  sources. 

TOPOGEAPHY. 

The  French  colony  of  Algeria  is  situated  in  northern  Africa,  between 
Morocco  on  the  west  and  Tunis  on  the  east.  In  general  outline  it  i*^ 
a  rectangle,  of  which  the  greatest  length — that  from  east  to  v:est — i^ 
about  650  miles.  The  area  of  Algeria  is  about  230,000  square  miles,  of 
which  approximately  20,000,000  acres  are  under  cultivation.  The 
Mediterranean  forms  the  northern  boundary,  while  on  the  south  the 


o Published  chiefly  in  the  "Bulletin  Agricole  de  TAlgi^rie  et  de  la  Tuui!«ie. 


f » 


TOPOGRAPHY.  13 

itier  extends  well  into  the  great  deseii;  of  Sahara,  the  present 

►«t«  being  from  300  to  500  miles  from  the  coast. 

le  vast  desert  to  the  southward  cuts  off  Algeria  physically  as  well 

ditically  from  tropical  Africa.     The  influence  of  the  sea  upon  its 

.te  and  the  fact  that  almost  unbroken  overland  communication 

Europe  by  way  of  Morocco  and  Gibraltar  has  always  been  easy 

:e  Algeria  leather  an  outpost  of  Europe  than  an  integral  part  of 

•ica.     In  climate,  physiography,  flora,  and  agriculture  Algeria  is 

ycly  related  to  the  countries  that  border  the  northern  shore  of  the 
iterranean — Spain,  southern  France,  and  southern  Italy.     Indeed, 

blogists  tell  us  that  northern  Africa  was  separated  from  southern 

irope  at  only  a  comparativel}^  recent  period. 

The  part  of  the  United  States  which  Algeria  most  nearly  resembles 

California.  The  climate,  agriculture,  and  state  of  development  of 
e  two  countries  are  remarkably  similar.  In  their  general  aspects 
ey  are  much  alike.  In  both,  the  coast  region,  being  limited  to  a 
irrow  strip  by  a  range  of  mountains  that  parallels  the  seashore,  has 
CL)iiiparatively  mild,  equable  climate.  In  both  countries  this  zone  is 
reeminentl}'  adapted  to  fruit  growing.  Citrus  fruits,  olives,  figs,  and 
ines  flourish  there.  A  striking  analogy  exists  between  the  great 
Iain-like  valleys  of  Algeria,  occupied  largely  by  vineyards  and  fields 
f  cereals,  and  the  San  Joaquin  and  Sacramento  valleys  of  California, 
dually,  the  conditions  obtaining  in  the  Desert  of  Sahara  are  in  great 
lart  reproduced  in  the  Colorado  and  Mohave  deserts.  But  to  the 
teppe  or  high  plateau  region  that  occupies  the  central  part  of  Algeria 
t  would  be  more  diflScult  to  find  a  counterpart  in  California,  portions 
f  Nevada,  Arizona,  and  New  Mexico  presenting  a  closer  rc^semblance. 

If  we  take  into  consideration  biological — including  agricultural — 
onditions,  as  well  as  the  topographical  features  of  the  country,  there 
re  three  principal  regions  into  which  Algeria  can  be  divided  for  con- 
en  ience  of  description.  These  arc  (1)  the  coast  region,  extending  to 
he  crests  of  the  series  of  mountain  ranges  which  follow  the  coast, 
2)  the  high  plateau  or  steppe  region,  occupying  the  central  portion  of 
he  colony  }>etween  the  two  great  mountain  systems  and  comprising  the 
outhern  slope  of  the  northern  ranges  and  the  northern  slope  of  the 
outhern  chains,  and  (3)  the  desert  region,  comprising  the  Algerian 
iabara  and  the  southern  slopes  of  the  mountain  system  which  forms 
he  northern  boundary  of  the  Sahara. 

The  second  and  third  regions  are,  on  the  whole,  more  homogeneous 
han  the  first,  or,  at  any  rate,  their  agricultural  importance  is  too 
mall  to  make  it  desirable  to  subdivide  them.  Three  subdivisions  of 
he  coast  region  are,  however,  to  be  recognized,  (1)  the  littoral  zone, 
omprising  the  immediate  coast  and  the  lower^slopes  of  the  hills  and 
Qountains  which  border  it,  (2)  the  valley  and  plain  zone,  comprising 
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the  larger,  often  plain-like,  valleys  of  the  coast  region  which  lie  insick 
the  line  of  hills  that  follows  the  seashore,  and  (3)  the  mountain  zone, 
including  the  higher  elevations  of  the  coast  region  southward  to  the 
crest  of  the  ranges  that  form  the  northern  boundary  of  the  high 
plateau  region. 

COAST  BEGIOK. 

The  "Tell,"  as  the  coast  region  is  known  among  the  Arabs,  is,  from 
an  agricultural  point. of  view,  the  most  important  part  of  Algeria. 
A  great  proportion  of  it  is  capable  of  cultivation.  It  has  been  esti- 
mated that  a  population  of  12,000,000  could  be  supported  in  this 
region  alone.  It  strikingly  resembles  the  Mediterranean  coast  of 
Europe,  and  is  no  less  close  in  its  likeness  to  the  coast  region  of  Cali- 
fornia, so  that  a  description  of  one  will  answer  in  many  respects  for 
both.  The  immediate  seashore  is  bordered  by  hills  and  mountains, 
such  as  the  Sahel  of  Algiers,  the  lower  slopes  of  which  are  occupied 
largely  by  orchards  and  vineyards.  In  the  higher  elevations  in  the 
mountains  agriculture  is  more  difficult.  Here  there  are  extensive 
areas  of  grass  land,  grazed  by  flocks  and  herds,  and  important  forests. 
Opening  back  from  the  coast  and  mainlj"^  parallel  to  it  are  a  number  of 
large  valleys.  Some  of  these,  like  the  Mitidja,  near  Algiers,  and  the 
Ch^liff,  in  the  western  part  of  the  colony,  are  so  extensive  and  so  level 
of  surface  as  to  be  practically  plains  with  great  areas  of  cereals  and 
vineyards.  The  San  Joaquin  and  Sacramento  valleys  in  California 
are  remarkably  like  these  great  valleys  of  Algeria.  Smaller  valleys, 
like  the  Mina  and  the  Habra,  where  the  bordering  ranges  of  hills  and 
mountains  are  not  so  far  apart  and  there  is  less  level  surface,  ma^^  be 
compared  to  the  Santa  Clara,  Pajaro,  and  Salinas  valle3's  in  California. 

These  valleys  and  the  lower  slopes  of  the  hills  and  mountains  are 
the  most  highly  cultivated  part  of  the  country,  and  support  the  densest 
population. 

The  more  distinctively  mountainous  regions  are  naturally  less 
adapted  to  agriculture;  yet  in  the  country  known  as  Great  Kabylia, 
the  '^  Switzerland  of  Algeria,"  which  contains  the  highest  mountains 
of  the  colony,  there  is  a  very  large  population,  the  greater  part  of 
which  is  devoted  to  farming.  This  district  lies  to  the  east  of  Algiers. 
It  forms  an  arc,  of  which  the  Djurdjura  range  of  mountains  is  the 
chord  and  the  seacoast  is  the  circumference.  For  a  long  distance  the 
crest  of  the  Djurdjura  range  does  not  fall  below  4,000  feet,  while 
there  are  several  peaks  that  exceed  7,000  feet  in  elevation.  Liella 
Khedidja,  the  highest  summit,  has  an  altitude  of  7,611  feet.  Between 
this  great  chain  and  the  coast  there  is  a  succession  of  high  ridges  sep- 
arated by  deep,  narrow  valleys  and  gorges.  Anyone  who  has  seen 
both  regions  will  be  struck  by  the  resemblance  between  Great  Kabylia 
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nd  the  Santa  Liicia  MountainKS  district  of  the  western  part  of  Monterey 
k>unty,  in  California. 

Numerous  streams  arise  in  the  mountains  of  the  coast  region,  trav- 
^^5e  the  Tell,  and  empty  into  the  sea.  Most  of  these  are  torrent«<, 
ischarging  large  volumes  of  water  in  winter,  but  in  summer  dwin- 
ling  to  mere  rivulets.  Not  infrequently  no  water  is  tobe  seen  in  the 
hannel,  but  in  that  case  it  is  generally  to  be  found  under  the  bed  of 
he  stream.  Owing  to  their  relatively  great  fall,  and  the  denuded 
ondition  of  much  of  the  soil,  the  amount  of  erosion  accomplished  by 
Vlgerian  water  courses  is  disproportionately  large.  These  character- 
sties  are  especially  marked  in  western  Algeria.  In  the  eastern  part 
>f  the  colony,  where  the  rainfall  is  better  distributed  and  more  of  the 
surface  of  the  count rj"  is  forested,  the  flow  of  the  streams  is  more 
•egular.  The  small  importance  of  Algerian  water  courses  is  doubtless 
:o  be  accounted  for  by  the  fact  that  most  of  the  precipitation  occurs 
jn  or  near  the  coast,  while  the  interior  of  the  country  is  extremely 
arid. 

Only  one  river  of  the  Tell  region  also  traverses  the  high  plateau 
region.  That  is  the  Chelitf,  the  most  important  water  course  in  Alge- 
ria, which  rises  in  the  mountains  that  torder  the  Sahara  on  the  north. 
It  has  a  total  length  of  about  330  miles,  draining  an  area  of  about 
7,500,000  acres.  Its  flow  in  summer  is  only  100  to  175  cubic  feet  per 
second,  although  in  winter  from  500  to  2,000  cubic  feet  are  discharged. 
It  is  obvious  that  only  a  small  portion  of  the  valley  of  the  Cheliff  can 
be  irrigated  throughout  the  year.  Not  even  this  stream  is  navigable, 
except,  near  its  mouth,  for  small  boats. 

HIGH  PLATEAU  OB  STEPPE  BEGION. 

Between  the  two  chief  mountain  s3\stems  of  Algeria  extends  a  vast 
region  of  elevated  plains,  with  an  average  elevation  of  a  little  more 
than  3,000  feet  above  sea  level.     The  greatest  width  of  the  high  pla- 
teau in  Oran  Department  is  about  125  miles,  whence  it  diminishes  grad- 
ually toward  the  east  until  on  the  frontier  of  Tunis  a  narrow  river  valley 
is  all  that  remains.     In  topography,  and  to  some  extent  in  vegetiition, 
this  region  greatly  resembles  parts  of  Nevada  and  New  Mexico.     In 
its  widest  part  it  consists  of  a  gently  rolling  expanse,  sometimes  with- 
out a  hill  to  break  the  monotonous  horizon.     In  other  places  isolated 
mountain  groups  rise  like  islands  out  of  the  sea.     Near  its  northern 
and  southern  borders  spurs  from  the  mountain  chains  that  bound  it 
extend  into  the  plain.     Toward  the  east  the  mountains  arc  higher  and 
approach  nearer  together.     In  the  Department  of  C'onstantine  the  dis- 
tinctive character  of  the  high  plateau  is  lost,  and  it  breaks  up  into  a 
scries  of  valleys  a  few  miles  wide,  with  gently  sloping  sides,  separated 
by  high  hills  ftnd  mountains.     The  great  masses  of  the  Aur^s  and 
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Babors  groups,  which  border  this  part  of  the  region,  reach  altitudes 
of  7,000  feet. 

A  marked  feature  of  the  steppe  region  is  the  frequently  occurring 
^'dayas"  and  '"chotts" — salt  ponds  or  lake.s  without  outlet — which 
receive  the  drainage  from  the  southern  slopes  of  the  coast  mountain!^ 
and  the  noilhern  declivities  of  the  Sahai*an  range.  The^"  occupy  iMfc^in- 
like  depressions,  and  are  often  dry  or  merel}'  marshy  in  summen  their 
beds  being  then  covered  with  a  shining  crust  of  salt.  The  ^^bohson" 
plains  of  the  Sonoran  region  in  North  America  have  a  similar  hydrog- 
raphy. 

There  is  very  little  water  in  the  high  plateau  region  suitable  for 
drinking  or  for  the  irrigation  of  crops.  Occasional  wells  occur,  and 
here  and  there  are  small  pools  where  sheep  and  cattle  drink.  As  a 
rule,  however,  travelers  in  this  region  must  cany  with  them  their  sup- 
ply of  drinking  water.  Attempts  to  find  artesian  water  have  generally 
})een  unsuccessful. 

In  places  the  topography  of  the  steppe  region  becomes  almost  iden^ 
tical  with  that  of  the  desert — notably  where  areas  of  sand  dunes  occur 
and  the  vegetation  is  very  scant}'.  Such  localities  differ  from  the 
desert  proper  only  in  their  greater  elevation  and  more  severe  winter 
climate. 

DESEBT  KEQIGN. 

A  considerable  portion  of  the  largest  desert  in  the  world,  the  Sahara^ 
lies  within  the  boundaries  of  Algeria.  Contrary  to  the  general  notion, 
the  mean  elevation  of  this  desert  above  sea  IcA'^el  is  considerable,  being 
placed  by  some  authorities  as  high  as  1,540  feet.  Broadly  speakings 
the  surface  of  the  dei&crt  is  convex,  the  central  portion  being  generally 
higher  than  the  borders.  The  desert  is  commonly  pictured  a.s  a  vast 
billowy  expanse  of  sand  blown  about  by  the  sirocco  and  dotted  with 
oases.  This  conception  is  only  partly  true.  As  a  matter  of  fact,  the 
topogmphy  of  the  Sahara  is  as  diversified  as  that  of  most  areas  of  equal 
extent  in  other  parts  of  the  world.  In  this  respect  it  is  to  be  com- 
pared with  the  desert  regions  of  the  southwestern  part  of  the  United 
States.  The  Sahara  contains  mountains  nearly  7,000  feet  high,  upon 
whose  summitis  snow  remains  throughout  the  winter.  Other  parts  are 
considerably  below  sea  level.  Much  of  its  surface  is  broken  by  ranges 
of  sand  dunes  and  of  rocky  hills,  between  which  lie  narrow  ravines  or 
wide  valleys.  In  other  quarters  extensive  plateaus  occur.  The  counscs 
of  streams  that  must  once  have  carried  a  considerable  volume  of  water 
can  be  traced  in  many  places.  The  infrequent  rains  that  fall  in  the 
Sahara  sometimes  fill  the  bottoms  of  these  channels  with  water  for  a 
few  brief  hours.  But  even  such  transient  torrents  can  effect  a  tre- 
mendous amount  of  erosion  in  the  loose  soils  of  the  desert,  there  being 
little  vegetation  to  hold  them  in  place.     Lakes  and  ponds  are  numer- 
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ous  in  the  lower  portion.  Hero  and  there,  but  forming  only  a  small 
fraction  of  the  entire  area,  are  oases,  watered  by  springs  and  wells, 
^vhere  groves  of  date  palms  flourish. 

Schirmer"  gives  a  graphic  description  of  the  Sahara.     He  writes: 

The  desert,  more  than  any  other  part  of  the  surface  of  the  globe,  has  the  appear- 
ance of  immobility.  The  implacable  climate  has  depopulated  the  land.  The  great 
plains  have  an  aspect  of  absolute  emptiness.  The  mountains  are  like  skeletons  from 
'which  the  sun  has  devoured  the  flesh.  The  dunes  look  like  solidified  waves  of  dull 
gold.  The  absence  of  sound  is  such  that,  as  one  traveler  has  put  it,  "One  hears  the 
silence."     Everything  appears  unchangeably  fixed  in  the  intense  light. 

Pomel  estimates  that  only  about  one-ninth  of  the  total  area  of  the 
Sahara  is  covered  with  sand  dunes.  The  higher  dunes  occur  in  more 
or  less  regular  chains,  which  have  often  been  likened  to  the  waves  of  the 
sea,  caught  and  petrified.  These  sand  hills  sometimes  reach  a  height 
of  1,000  feet.  Smaller  dunes,  very  regular  in  their  rounded  outline, 
often  cover  extensive  areas,  as,  for  example,  between  Biskra  and  the 
Melrirh  Chott.  Dunes  of  this  character  are  generally  formed  by  vari- 
ous desert  shrubs  and  herbs  that  are  able  to  send  up  new  shoots 
through  the  sand  which  drifts  over  them  from  time  to  time,  thus  con- 
tinually raising  the  height  of  the  dune.  The  largest  sand  hills  are 
often  formed  about  rocks  and  cliflFs,  which  arrest  the  drifting  sand. 
The  soil  of  the  dunes  is  a  fine  and  remarkably  homogeneous  sand. 

Contrary  to  the  general  notion,  the  larger  dunes  are  not  continually 
shifting  their  position,  but  are  sufficiently  permanent  features  of  the 
landscape  to  have  received  in  many  cases  names  that  are  handed  down 
hy  the  Arabs  from  generation  to  generation.  For  this  reason,  and 
because  drinkable  water  and  vegetation  are  more  apt  to  occur  near  the 
dunes  than  elsewhere,  the  caravan  routes  in  the  Sahara  follow  the 
dunes  wherever  possible. 

In  western  Algeria  the  desert  is  high.  Hills  and  mountains  of  sun- 
scorched  rock,  with  smooth  surfaces  and  sharp,  unworn  edges,  rise  out 
of  stony  plains.  Jagged  cliffs,  often  of  the  most  fantastic  form,  stand 
sentinel  over  the  deep  canyons  and  gorges  that  have  been  cut  out  by 
occasional  torrents.  Oases  are  few  and  far  between.  This  is,  indeed, 
the  most  barren  and  inhospitable  part  of  the  desert. 

Toward  the  east  the  altitude  of  the  desert  decreases  until,  near  the 
frontier  of  Tunis,  a  region  of  chotts,  or  salt  lakes,  lying  below  sea 
level,  is  reached.  During  most  of  the  year  the  bottoms  of  these  basins 
are  dry  or,  at  most,  muddy  beneath  a  crust  of  glittering  white  salt, 
which  gives  rise  to  remarkable  displays  of  mirage.  But  during  the 
winter  they  are  partly  filled  by  streams  that  descend  from  the  moun- 
tains on  the  west  and  north.  The  eastern  part  of  the  Sahara  in  Alge- 
ria is  mainly  flat  or  gently  rolling.     Its  surface  is  covered  with  sand, 

oSchirmer,  Le  Sahara,  p.  139  (1893). 
28932— No.  80-05 2 
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often  collected  into  dunes  of  greater  or  less  size  (erg).  There  are 
also  extensive  areas  where  the  nearly  plane  surface  is  composed  «:rf 
smooth  rock  or  haixlened  alluvial  clay  (hamada). 

A  great  valley,  some  60  miles  long  and  about  12  miles  wide,  knovr. 
as  the  '^Oued  Rirh,''  forms  the  most  valuable  portion  of  the  Sahara  of 
Algeria.  It  is  really  the  bed  of  an  extinct  river.  It  is  largely  below 
or  only  slightl}'  above  sea  level,  the  maximum  depression — the  exten- 
sive salt  lake  known  as  **Chott  Melrirh" — being  107  feet  below  set 
level.  Subteri-anean  streams  of  considerable  volume  underlie  the 
surface  in  this  region.  These  are  doubtless  fed  by  water  which  flows 
down  from  the  mountains  and  sinks  through  the  desert  sands  until  it 
meets  an  impermeable  layer  of  clay  or  of  rock,  over  which  it  flow^. 
The  Oued  Rirh  Valley  has  been  described  as  a  "small  Egypt  with  a 
subterranean  Nile.''  By  means  of  wells  this  water  has  been  utilized 
in  the  creation  of  oases,  where  hundreds  of  thousands  of  d&te  palm> 
flourish. 

The  idea,  once  generally  held,  that  the  entire  Sahara  is  the  bed  of 
an  ancient  sea  has  been  abandoned.  Only  for  the  part  known  as  the 
Oued  Rirh,  a  small  fraction  of  the  whole  desert,  is  this  theory  still 
entertained  bv  some  authorities.  Here  there  is  a  series  of  larore  salt 
lakes,  some  of  them  below  the  level  of  the  sea,  which  extends  ac^o^^> 
Tunis  almost  to  the  Gulf  of  Gabes. 

CLIMATE. 

The  greater  part  of  Algeria  has  a  warm,  temperate  climate,  very 
similar  to  that  of  California.  The  climates  of  both  countries  are 
determined  in  large  measure  by  the  combined  influence  of  three  fac- 
tors— the  ocean,  the  mountains,  and  the  desert.  In  Algeria,  as  in 
California,  most  of  the  rainfall  occurs  during  the  mild  winter,  while 
the  long  summer  is  almost  perfectly  dry.  Furthermore,  the  diret*tion 
of  the  prevailing  winds  at  different  seasons  is  in  both  countries  largely 
effective  in  regulating  conditions  of  temperature  and  of  rainfall.  The 
lower  part  of  the  coast  region  has  a  wet  and  a  dry  rather  than  a  waiin 
and  a  cold  season.  The  higher  mountains,  however,  and  the  hi|rl» 
plateau  are  characterized  by  a  decidedl}'^  cold  winter.  Algeria  would 
he  wholly  a  desert  were  it  not  for  the  northwest  winds,  charged  with 
humidity,  which  blow  from  the  sea,  especialh''  during  the  winter  and 
spring.  Their  influence  is,  of  course,  most  marked  in  the  coast 
region,  which  has,  in  consequence,  the  heaviest  rainfall,  the  most 
humid  atmosphere,  and  the  most  luxuriant  vegetation  of  any  of  ihe 
three  zones. 

The  mountain  chains  which  follow  the  coast  line  intercept  a  large 
part  of  the  moisture  carried  by  the  sea  winds,  so  that,  while  thoir 
northern,  seaward  slope   has  a  comparatively  heavy  rainfall,  their 
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^hern  slopes  and  the  high  plateau  region  beyond  are  quite  arid. 
^  Ir&at  moisture  passes  across  the  mountains  of  the  first  system  is 
m*^el3'  withdrawn  from  the  atmosphere  when  it  reaches  the  second, 
tftlch  bounds  the  steppe  region  on  the  south.  Consequently,  the 
*t  beyond  receives  an  insignificant  share  of  atmospheric  moisture 
the  Mediterranean, 
"^rf'inds  that  come  from  the  opposite  direction — out  of  the  Great 
•skkara — are,  of  course,  at  all  seasons  extremely  dry.  It  is  in  late 
UKXiiiier — especially  in  September — that  the  dreaded  sirocco,  the  hot, 
2S.rmd- laden  wind  of  the  desert,  is  strongest  and  most  frequent.  Then 
t  blows  for  days  at  a  time  over  the  high  plateau  and  the  two  moun- 
.SLin  ranges  that  form  its  boundaries,  into  the  Tell,  and  even  across  the 
WX^^literranean  into  southern  Europe. 

The  three  principal  physiographical  regions  coincide  with  the  most 
Li:nX>ortant  climatic  regions  of  the  colony.  For  a  further  examination 
of  this  subject  it  will  therefore  be  advisable  to  take  up  each  in  its  turn, 
t>e^iiining  with  the  coast  region,  or  Tell. 

In  the  tables  given  below,  climatic  data  from  Algerian  localities  are 

copied  from  Thevenet's  ''Essai  de  Climatologie  Alg^rienne."     For 

ooniparison,  data  from  various  places  in  the  western  United  States 

"^wbere  similar  conditions  obtain  are  also  included.     These  are  taken 

from  publications  of  the  United  States  Weather  Bureau.     Much  infor- 

TTiation  regarding  the  climate  of  Algeria  has  also  been  drawn  from  the 

excellent  little  work  of  Battandier  and  Trabut,  previously  mentioned. 

Owing  to  the  paucity  of  accurate  records  and  the  small  agricultural 

impoiiance  of  the  high  plateau  region,  no  tables  are  given  for  that  part 

of  the  colony.     It  should  be  remarked,  however,  that  S^tif ,  which  has 

an  elevation  of  3,560  feet,  although  here  included  in  the  tables  for  the 

coast  region,  is  sometimes  considered  as  belonging  to  the  high  plateau, 

and  the  climatic  data  from  this  point  are  doubtless  fairly  applicable  to 

the  uncharacteristic  eastern    portion  of  that  region.     Again,  Bou 

Saada,  figures  from  which  locality  are  given  in  the  tables  of  climate 

of  the  desert  region,  really  belongs  to  the  extremely  desert-like  portion 

of  the  high  plateau. 

COAST  BEGION. 

TEMPESATUBE. 

\  The  littoral  zone  of  the  coast  region  has  a  mild  winter,  resemblinjjf 
that  of  the  California  coast.  Temperatures  at  noon  of  70^  to  75^  F. 
for  fifteen  days  or  a  month  at  a  time  are  not  of  rare  occurrence  in 
winter.  The  temperature  never  descends  much  below  freezing,  and 
does  not  remain  at  that  point  for  any  length  of  time.  Still,  tempera- 
tures of  23^  F. ,  such  as  are  sometimes  recorded  by  thermometers  placed 
4  inches  above  the  surface  of  the  ground,  can  do  considerable  damage 
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to  the  winter  crops  of  garden  vegetables^  although  the  soil  itself  is 
never  frozen  to  any  considerable  depth.  The  cold  often  seems  more 
intense  than  is  aetuallv  the  case«  because  of  the  humidity  of  the 
atmosphere  and  the  lack  of  facilities  for  heating  the  houses.  A  tem- 
perature of  45^  F.  is  considered  very  disagreeable,  A  few  miles  hack 
from  the  shore  line«  behind  the  first  range  of  hills,  for  example,  in  the 
Mitidja  plain,  near  Algiers^  light  frosts  are  frequent  and  have  bet^n 
known  to  occur  as  late  as  Mav.  Snow,  which  has  never  remained  on  the 
ground  for  an  entire  day  at  Algiers,  has  lain  for  three  days  to  a  depth 
of  7.5  inches  in  the  countrv  onlv  a  few  miles  back  from  the  coast. 

In  summer,  except  during  the  sirocco,  the  shade  temperature  of  the 
littoral  zone  rarelv  exceeds  86^  F.,  but  sometimes  rises  to  105^  F. 
when  the  wind  from  the  desert  is  blowing.  At  such  times  the  nights 
are  often  as  hot  as  the  days.  The  moderate  summer  temperatures  are 
largely  due  to  the  sea  breeze,  which  rises  every  morning  at  about  10 
o'clock.  As  far  inland  as  the  influence  of  this  wind  is  felt  com{iani- 
tivel}'  mild  summer  temperatures  prevail. 

The  climate  of  the  littoral  zone  is  much  like  that  of  the  coast  of 
southern  Flurope;  but  fall-sown  crops  mature  even  earlier  than  there, 
by  reason  of  the  milder  winter  and  the  higher  temperatures  in  spring. 
Hay  is  harvested  in  May  and  cereals  in  June  in  this  zone. 

The  valley  and  plain  zone  of  the  coast  region  has  a  more  extreme 
climate  than  the  littoral  zone.  This  difference  has  alreadv  lx»en  indi- 
cated  in  comparing  the  Mitidja  Valley  with  Algiei-s,  on  the  neighbor- 
ing coast.  The  great  Cheliff  Valley,  farther  west,  presents  a  still 
more  marked  contrast.  Here,  owing  to  the  greater  dryness  of  the 
atmosphere,  frosts  are  more  frequent  and  more  severe  in  winter  and 
spring  than  along  the  coast.  On  the  other  hand,  in  summer  the  hills 
which  bound  these  valleys  on  the  north  shut  off  the  sea  breeze^  and 
the  heat  is  consequently  moi^  intense.  Sunstroke  and  pixxstratioii 
from  heat  are  bv  no  means  unknown  in  the  Cheliff  Vallev.  The  sirocco, 
also,  is  more  severely  felt  than  in  the  littoral  zone,  which  is  partly 
protected  against  this  south  wind  by  the  rampart  of  hills  that  ri>es 
a  short  distance  back  from  the  shore.  More  elevated  places,  like 
Setif,  have  even  severer  winters,  resembling  those  of  the  high  plateau 
region.  Shai^p  frosts  are  frequent  as  late  as  April  and  May.  The 
summer  temperatures  are  often  verj'  high  in  the  daytime,  but  the  air 
is  fresher  than  in  the  valleys  and  the  nights  are  nearlv  alwavs  cool. 

The  mountain  zone  of  the  coast  region  is  not  dissimilar  in  climate 
to  mountainous  regions  of  southern  Europe.  The  winter,  espe<-ially 
at  the  higher  altitudes,  is  much  more  severe  than  in  the  littoral  zone. 
On  the  crest  of  the  Djurdjura  range,  at  7,(K)0  feet  elevation,  snow 
often  reaches  a  depth  of  3i  feet  and  remains  on  the  ground  until  the 
latter  part  of  July.  The  summer  temperatures  are  almost  invariably 
moderate  in  the  mountain  region,  except  when  the  sirocco  is  blowing. 
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The  smaller  relative  humidity  also  contributes  toward  making  the 
i^ummer  climate  an  agreeable  one.  Springs  with  a  mean  annual 
temperature  of  45^  or  50^  F.  are  not  infrequent  at  high  elevations  in 
the  Djurdjura  range. 

« 

Table  1. — Menu  temperaiures  {in  degrees  Falvrenheit)  of  Localities  in  the  coast  region 

of  Algeria f  as  compared  with  the  California  coast. 


AlKeria. 


California. 


Month. 


January 

February 

March 

April 

Nfay 

June 

July 

Aufn^at 

September 

October 

November 

December 

Year 


Oran. 


50.9 
51.8 
55.4 
59.2 
64.0 
69.4 
74.1 
75.4 
71.1 
63.7 
57. 2 
51.6 

62.0 


Or- 
l^ans- 
ville. 


45.8 

47 

53 

55 

63 

71 


80.1 
79.7 
72.3 
61.0 
63.2 
46.8 


60.9 


Fort 

Los 

Algiers. 

Nation- 

S^tif. 

Ange- 

54.0 

al. 

les. 
58.0 

41.2 

89.0 

54.0 

42.2 

40.4 

64.4 

56.5 

46.8 

46.0 

66.4 

59.5 

50.2 

49.8 

60.0 

64.6 

55.9 

56.7 

62.0 

70.0 

66.6 

66.7 

§5.9 
TO.  8 

75.4 

74.7 

74.8 

76.1 

75.4 

73.4 

72.0 

72.9 

67.3 

66.5 

68.5 

65.8 

56.1 

53.6 

64.0 

60.4 

48.9 

45.2 

60.0 

54.0 

42.2 

39.6 

56.4 

63.6 

55.6 

54.2 

62.0 

San 
LuLs 


San 
Fran- 
Obifi»po.    Cisco. 


51.2 
56.3 
52.2 
56.0 
57.6 
62.9 
66.2 
65.0 
65.4 
62.0 
07.8 
52. 6 


58.7 


50.1 
52.2 
53.6 
55.0 
57.0 
59.0 
58.8 
59.3 
60.9 
59.9 
56.4 
51.6 


Fresno. 


56.2 


45.2 
51.5 
54.0 
60.9 
67.3 
74.6 
82.1 
81.4 
74.2 
63.4 
54.7 
46.3 


63.0 


Sacra- 

Col- 

mento. 

fax. 

45.2 

44.3 

49.6 

46.8 

54.3 

49.1 

59.0 

54.2 

64.6 

61.7 

70.0 

71.4 

78.6 

75.1 

70.6 

77.0 

70.0 

69.7 

60.0 

69.8 

68.4 

51.4 

47.2 

46.3 

59.7  ,    68.8 


A  compari.son  of  the  temperatures  of  localities  in  Algeria  and  in 
California,  as  given  in  Table  1,  is  instructive.  Of  the  Algerian 
stations,  Oran  and  Algiers  are  situated  on  the  seaboard,  the  first  in 
western,  the  second  in  centml  Algeria.  Data  from  these  localities 
should  be  representative  of  conditions  along  the  coast,  except  in  the 
extreme  eastern  part  of  the  colony.  With  them  are  to  be  compared 
San  Francisco,  San  Luis  Obi.spo,  and  Los  Angeles,  representing  the 
coast  of  California.  Orl6ansville  is  the  metropolis  of  the  great  valley, 
or  rather  plain,  of  the  Cheliff,  the  most  important  of  the  large  inland 
valleys  of  the  coast  region  in  Algeria.  S^tif,  as  has  already  been 
remarked,  lies  south  of  the  mountain  chain  that  bounds  the  coast 
region,  and  has  an  elevation  of  over  3,000  feet.  Topographically, 
and  in  some  of  its  climatic  peculiarities,  it  belongs  rather  to  the  high 
plateau  than  to  the  coast  region,  although  agriculturally  it  is  more 
nearly  related  to  the  latter.  Fresno  and  Sacramento  are  representa- 
tive points  in  the  two  great  interior  valleys  of  California — the  San 
Joaquin  and  the  Sacramento.  They  should  afford  an  interesting  com- 
parison, especially  with  Orl^ansville.  Fort  National,  at  an  deviation 
of  over  8,000  feet,  in  the  heart  of  the  most  mountainous  region  of 
Algeria,  is  to  be  compared  with  Colfax,  in  the  foothills  of  the  Sierra 
Nevada,  north  of  the  center  of  California. 

Oran  has  the  same  mean  yearly  temperature  as  Los  Angeles,  but 
has  higher  mean  temperatures  for  the  summer  and  lower  for  the  win- 
ter months,  so  that  Los  Angeles  has  the  more  equable  climate.  At 
Algiers  the  yearly  mean  temperature  is  not  very  different  from  that 
at  Oran,  but  the  mean  temperatures  for  the  winter  months  are  gen- 
erally higher.     San  Francisco  and  San  Luis  Obispo  fall  considerably 
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below  the  Algerian  coast  towns  in  yearly  mean  temperature.  Hie 
mean  temperatures  for  the  summer  months  also  are  decidedly  lover 
at  the  California  localities.  The  mean  temperatures  in  winter  cor- 
respond more  closely. 

Orleansville  shows  a  remarkable  resemblance  in  distribution  of  tem- 
peratures  to  the  similarly  situated  town  of  Fresno,  in  Oalifom]&,  aad 
in  this  repect  somewhat  less  to  Sacramento.  In  yearly  mean  teoipeni- 
ture,  however,  Orl&nsville  is  nearer  Sacramento.  Setif,  as  would  be 
expected,  differs  considerabh'  from  Orl^ansville,  Fresno,  and  Sarra> 
niento  in  yearly  and  monthly  means  of  temperature.  Its  resemblance 
to  the  high  plateau  is  expressed  in  the  fact  that  the  nights  are  always 
cool  in  summer  and  the  winter  temperatures  are  low,  falling  at  times 
to  12^  F.  The  mountain  stations,  Fort  National  and  Colfax*  show  a 
close  approximation  in  monthly  and  3'early  mean  temperatures. 

HUMIDITT. 

The  relative  atmospheric  humidity  in  the  littoral  zone  is  fairly 
uniform  throughout  the  3'ear.  Owing  to  the  proximity  of  the  sea  it 
is  at  all  seasons  considerable,  the  average  for  the  year  being  73  per 
cent.  This  condition  of  humiditj'  is  interrupted  only  when*  generally 
in  late  summer  and  in  earl}'  autumn,  the  sirocco  blows  for  a  day  or 
more  at  a  time.  The  humidity  is  far  greater  in  the  eastern  than  in 
the  western  part  of  the  colony.  The  large  percentage  of  moisture  in 
the  atmosphere  causes  the  discomfort  from  cold  in  winter*  and  from 
heat  in  summer,  to  be  out  of  all  proportion  to  the  actual  temperature. 

The  dry  season,  so  far  as  the  littoral  zone  is  concerned,  owes  its 
character  to  the  lack  of  actual  precipitation  rather  than  to  the  ahs^em-e 
of  humidity  in  the  air.  Night  fogs  are  frequent  when  east  or  northeast 
winds  are  blowing,  and  in  August  it  is  often  9  o^'clock  in  the  morning 
before  they  disappear.     Dew  is  also  copious  at  this  season. 

Atmospheric  humidity,  like  precipitation,  decreases  as  one  goes  far- 
ther from  the  coast.  It  is  already  perceptibly  less  in  the  mountains 
and  in  the  great  valleys  of  the  coast  region  than  along  the  seaboard. 

PBBCIFITATIOV. 

In  Algeria  precipitation  is  almost  synonymous  with  rainfall,  except 
in  the  higher  mountains,  for  elsewhere  the  amount  of  precipitation  in 
the  form  of  snow  is  unimportant.  Hailstorms  are  fairly  frequent* 
occurring,  on  an  avei'age,  seven  times  a  year.  Market  gardens  of  the 
littoral  zone  sometimes  suffer  severely  from  spring  hailstorms,  and,  in 
exceptional  localities,  vineyards  and  orchards  are  occasionally  dam- 
aged. Hail  is  more  important  for  this  reason  than  as  contributing 
much  to  the  total  precipitation. 

In  the  coast  region  of  Algeria,  as  in  many  warm  temperate  and 
tropical  countries,  the  distribution  of  the  rainfall  is  more  important 
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than  that  of  heat  in  determining  the  characteristics  of  the  principal 
seasons  of  the  year.  Its  distribution  is  largely  controlled  hy  the 
direction  of  the  prevailing  winds.  In  winter  strong  northwest  winds, 
blowing  from  the  Mediterranean,  are  of  frequent  occurrence  and  bring 
most  of  the  rainstorms.  They  begin  in  the  autumn,  sometimes  as 
early  as  the  first  of  September,  and  usually  cease  in  May  or  June. 
Even  in  midwinter,  however,  a  clear  sky  for  fifteen  or  thirty  days  at 
a  time  is  not  a  rare  event.  During  the  summer  there  is  a  light  sea 
breeze  during  the  day,  but  winds  of  greater  violence  come  almost 
whoU}^  from  the  south,  and  are  dry  and  hot. 

More  rain  falls  annually  on  the  coast  of  Algeria,  especially  on  the 
eastern  coa.st  between  Algiers  and  Tunis,  than  in  a  great  part  of 
Europe.  Notwithstanding  this,  Algeria  has  a  decidedly  more  arid 
summer  than  any  part  of  Kurope,  except,  perhaps,  extreme  southern 
Italy  and  portions  of  Spain.  This  is  due  to  the  unecjual  distri})ution 
of  the  rain  among  the  different  seasons. 

In  the  littoml  zone  winter  is  a  wet  rather  than  a  cold  season.  It  is 
then  that  most  of  the  native  vegetation,  as  well  a-s  crops  that  are  not 
irrigated,  must  make  their  growth.  The  dry  season  is  a  period  of 
rest  for  soils  that  are  not  artificiall}"  wat/cred.  Light  showers  of  brief 
duration,  such  as  occasionally  fall  during  the  summer,  are  of  small 
importance  in  their  effect  upon  the  climate  and  vegetiition.  In  the 
large  inland  valleys  of  the  coast  region  the  summer  drought  is  still 
more  pronounced  than  on  the  coast. 

In  the  mountain  zone,  particularly  at  the  higher  elevations,  rain  is 
more  evenly  distributed,  and  the  seasons  are  more  like  those  of  middle 
Europe.  The  rainfall  in  March  and  April  is  particularly  heavy.  In 
(jreat  Kabylia  thunderstorms  and  hail,  which  in  the  littoral  zone 
occur  only  in  winter,  are  not  infrequent  throughout  the  summer. 
This,  with  the  partial  protection  from  the  sirocco  afforded  l\v  the 
higher  ranges,  makes  the  summer  drought  less  pronounced  than  in  the 
littoral  zone  and  in  the  valley  and  plain  zone.  But  the  total  amount 
of  precipitation  in  summer  is,  after  all,  comparatively  insignificant. 
Even  in  the  mountains,  summer  retains  its  characteristics  as  the  dry 
season  of  the  year.  In  winter  the  rainfall  is  quite  considerable.  The 
northern  slopes  of  the  Djurdjura  range  receive  the  heaviest  precipita- 
tion occurring  in  the  country — over  40  inches  a  year.  These  high 
mountains  form  a  barrier  which  intercepts  most  of  the  cloud-hidon 
winds  from  the  sea,  so  that  the  countrv  immediatelv  to  the  south  of 
them  is  extremely  arid. 

Rainfall  is  very  unevenly  distributed  in  different  parts  of  the  coast 
region  and  even  of  the  littoral  zone  proper.  One  reason  for  this  is 
the  great  difference  in  latitude — about  two  degrees — between  the  east- 
ernmost and  the  westernmost  point  of  the  Algerian  coast.  While  the 
total   annual  precipitation  on  the   coast  near   the  Tunisian    l)ordcr 
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amoiHits  to  nearly  40  inches,  on  the  frontier  of  Moro<'co  it  is  less  than 
16  inches.  From  3'ear  to  year,  also,  the  total  amount  and  the  dk- 
tribution  vary  enormously. 

Table  2. — Rninfall  {in  incJie^)  of  localities  in  the  coofft  region  0/  Algeria,  a»  comp^n^ 

v'ith  tlie  California  coaM. 


Month. 


January 

February 

March 

April 

May 

June 

July 

Auffu»t 

September 

October 

November 

December  . . . . 

\TBar 


Algeria. 


Oran. 


3.06 

2.64 

2.42 

1.67 

1.42 

.29 

.07 

.08 

.65 

i.ei 

2.38 
2.90 


Or-     I  Fort 

Idans-   Algiers.'     Na- 
ville.  ;  I  tlonal.  i 


Califomia. 


S^tif. 


1.73 

1.8.*) 

2.28 

2.1ft 

1.38 

.55 

.06 

.08 

.76 

1.78 

2.29 

2.48 


Los  An- 
geles. 


San    {    San 
Luis   ,  Fran- 
Obispo.j  Cisco. 


iTnwnr.  !  Sacra-    Col- 
Frwno.  n,entOL    fax. 


19.18 


17.89 


4.35 

5.58 

1.62 

2.93 

6.69 

4.92 

1.5:j 

3.68 

3.49  1 

1.68 

3.27 

1.55 

3.49 

1.33 

3.42 

6.24  • 

2.34 

2.98 

8.46 

3.22 

1.74 

2.36 

5.20 

.  2.05 

1.86 

.93 

1.84 

i.ii  ; 

1.40 

2.99 

L82 

.43 

.35 

.73 

..tC  I 

.57 

1.13  1 

1.08 

.10 

.19 

.14 

.18 

.06 

.22  ' 

.28 

.02 

.01 

.02 

Tmce- 

.28 

.28 

.79 

.03 

.03 

.02 

.01 

1.12 

1.75 

1.17 

.08 

.36 

.22 

.26  1 

3.11 

4.51  1 

1.44 

.74 

1.62 

1.02 

.67  ' 

4.37 

4.99 

1.52 

1.38 

L16 

2.72 

1.15 

5.49 

7.90 

2.06 

3.98 

3.08 

4.99 

1.78 

30.21 

43.68 

17.84 

17.30 

18.43 

33.33 

10.27  , 

1 

2.S6 

2.13 

1.01 

.IT 

.02 

.01 

.32 

1.11 

2.20 

3.69 


6.9W 

€-> 
4.4* 

.&: 

.01 

.AC 

4.4^> 
?  7B 


20.14  ,  45. » 


( 


When  we  compare  Algeria  with  California  as  to  rainfall,  we  find 
that  the  annual  total  precipitation  at  the  two  coast  towns,  Oran  and 
San  Luis  Obispo,  is  very  nearly  the  same.  At  Los  Angeles  it  is  some- 
what less.  January  is  the  month  of  greatest  rainfall  at  Oran  and  San 
Luis  Obispo,  February  at  Los  Angeles.  July  is  the  month  when  the 
least  rain  falls  at  all  three  points.  The  precipitation  is  much  heavier, 
and  nearly  the  same  in  total  amount  at  Algiei^s  and  at  San  Franciscx). 
There  is  also  considerable  similarity  in  the  distribution  during  the 
year  of  the  rainfall  at  these  two  places. 

The  i^infall  at  Orl^ansville  greatly  exceeds  that  at  Fresno^  but  is 
somewhat  less  than  that  at  Sacramento.  S^tif  agrees  closely  with 
Orl^ansville  in  yearly  total  and  in  distribution  of  the  precipitation. 
As  for  the  mountainous  districts  of  the  two  countries,  as  represented 
by  Fort  National  and  Colfax,  there  is  a  very  close  correspondence  in 
yearl}'  totals,  but  in  respect  to  distribution  the  resemblance  is  less 
striking.  The  rainfall  in  summer  at  Fort  National  is  greater  and  that 
in  winter  less  than  at  Colfax. 

wnno. 

Winds  from  every  poii^t  of  the  compass  oc*cur  at  different  seasons  in 
the  coast  region.  As  has  already  been  mentioned,  the  charact<*ristic 
winter  wind  is  from  the  northwest,  off  the  Mediterranean.  This  often 
rises  to  the  height  of  a  gale,  and  is  of  sufficient  importance  to  decide 
the  direction  in  which  trees  along  the  seashore  are  bent.  West  windi^ 
are  also  common  in  winter.  In  summer,  the  most  violent  wind  is  the 
occasional  sirocco,  from  the  Desert  of  Saham,  an  extremely  hot,  dry 
wind,  which  sometimes  blows  day  and  night  for  several  days  at  a  time. 
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filling  the  air  with  the  fine  dust  it  carries.  It  often  does  great  harm  to 
cTops,  vineyards  and  ripening  grain  being  particularly  liable  to  injury. 
The  sirocco  also  blows  in  winter,  but  its  violence  is  less  at  that  seai^on 
and  it  is  cooler  and  moister.  The  regular  summer  wind  is,  however, 
the  sea  breeze  from  the  northeast,  which  springs  up  every  morning 
and  is  of  great  importance  in  moderating  the  temperature.  Eiast 
winds  are  also  frequent  in  summer.  At  night,  on  the  other  hand,  the 
prevailing  wind  is  from  the  south.  Absolute  calm  is  not  infrequent. 
In  proportion  as  we  travel  farther  from  the  coast,  the  effect  of  winds 
from  the  sea  becomes  less  perceptible  and  that  of  the  desert  winds 
more  pronounced.  This  difference  becomes  strongly  marked  after  the 
northern  mountain  svstem  is  crossed. 

The  sirocco  is  the  most  striking  climatic  feature  in  which  Algeria 
differs  from  California.  In  southern  California  a  wind  from  the  des- 
ert, known  as  the  "Santa  Ana"  wind,  blows  occasionally,  but  induration 
and  severity  it  is  not  to  be  compared  with  the  Algerian  sirocco. 

HIGH  PULTEAU  BEGION. 

The  small  agricultural  impoi*tance  of  the  high  plateau  region  makes 
it  unnecessary  to  discuss  its  climate  at  an}'  great  length.  Owing  to 
its  greater  elevation  and  distance  from  the  sea,  conditions  are  more 
extreme  than  in  the  coast  region.  The  winters  are  colder  and  the 
summers  hotter.  Winter  temperatures  as  low  as  7'^  F.  have  been 
known,  while  in  summer  a  temperature  of  lOS"^  F.  is  often  experi- 
enced. Daily  variations  amounting  to  85  degrees  have  been  recorded. 
In  its  severe  winters  the  high  plateau  region  revsembles  the  highest  alti- 
tudes of  the  mountain  zone  of  the  coa.st  region,  but  differs  in  its  hotter 
temperatures  in  the  daytime  in  summer.  In  the  latter  respect  it 
resembles  the  desert  region,  but  there  the  nights  are  warmer  in  sum- 
mer and  the  winter  is  much  milder.  Battandier  and  Trabut"  mention 
one  ix)int  in  the  high  plateau  region,  at  an  elevation  of  about  4,700 
feet,  where  the  mean  temperature  for  ten  years  was  about  44. 5""  F.  in 
winter,  55.5^  F.  in  spring,  71)^  F.  in  summer,  and  62^  F.  in  autumn. 
The  3'early  mean  temperature  was  62^  F. 

The  rainfall  is  much  less  than  in  the  coast  region,  but  no  exact  data 
on  this  point  are  available.  Rain  falls  usually  in  sudden  and  violent 
showers.  Storms  are  more  frequent  during  the  summer  than  is  the 
case  along  the  coast.  The  amount  of  precipitation  is  trivial,  although 
sometimes  sufficient  to  njoisten  the  ground.  During  the  winter  the 
soil,  especially  in  depressions,  contams  enough  water  in  occasional 
years  to  bring  a  crop  of  barley  without  irrigation.  The  atmospheric 
humidity  is  almost  alwavs  verv  small. 

«L'Alj<t»rie,  p.  lis. 
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DESERT    REGION. 
TEKPEBATUBE. 

If  we  had  no  other  data  concerning  the  climate  of  the  Sahara  th^ 
the  mean  annual  temperature,  we  should  suppose  it  to  be  a  very  miU 
one.  The  variations  from  the  yearly,  monthly,  and  daily  means  arp, 
however,  enormous.  Winter  temperatures  of  18^  F.  and  summer 
temperatures  of  112^  F.  are  by  no  means  uncommon.  The  dnilj 
range  sometimes  exceeds  86  degrees.  The  unshaded  soil — ^^stndy  *>r 
rocky — becomes  heated  up  to  160°  F.  At  Biskra,  which  is  by  no 
means  extreme  in  its  summer  climate,  it  is  said  to  be  pos.sible  .s««ne- 
times  to  cook  an  egg  in  the  sand.  In  the  Oued  Rirh  region,  on  thic 
other  hand,  ice  sometimes  forms  in  winter  in  the  irrigation  ditcher 
Evaporation  is  undoubtedly  very  great,  but  no  accurate  records  of  thi> 
phenomenon  have  been  kept  in  the  Sahara. 

Table  3. — .\fean  temperatures  (in  decrees  Fahrenfieit)  of  lo(^litief  in  the  ifejtrrt  tvy^ 
of  AlgeriGy  an  compared  with  similar  localities  in  the  south iceslem  rnited  >^<Ue*. 
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'     Tou- 
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Year . . , 


47.8 

49.8 
M.9 
61.0 
74.  H 

m.  0 

92.1 
S5  1 
K^.7 
(i8.4 
58.5  ' 
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fa.  2 

58. 3 
63.1 
71.8 
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^7.1 

78.8 
67.6 
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United  States. 
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Yuma^ 
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Saada. 
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Ariz. 
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46.8 

44.4 

54.1 

49.8 

49.6 

&\9 

51.8 

45.8 

68.6 

W.3 

53.6 

exs 

59.9 

51.1 

63.9 

53.9  , 

69.4 

^4 

66.4 

56.8 

69.9 

67.0  ' 

^.6 

7^.1 

73.6 

65.1 

76.9 

74.4 

74.5 

87.5 

82.4 

75.0 

84.4 

83.9 

84.0 

i»< 
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83.1 

91.2 

90.2 

87.  T 

K»  3 

86.0 

82.8 

90.4 

88.2 

KV9 
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78.1 

73.0 

84.3 

81.4 

80  S 

«>-5 

6;i5 

(iO.3 

72.1 

69.3 

70. 1 

7>4 

52.9 

50.0 

62. 3 
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.\s.  :•* 

f7  0 

45.0 

44.0 

55.9 

52.8 

51.6  1 

57  1 

67.8 


67.1 


66.4 


60.9  ; 


72.0 


68.  G 


68. 5 
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Of  the  stations  in  the  Algerian  desert  comprised  in  the  accompanvin^ 
Uible  of  temperatures,  Bou  Saada,  at  an  elevation  of  2,194  feet,  helonirs 
rather  to  the  hi^h  plateau  region,  lying  north  of  the  mountain  chain 
which  forms  the  boundary  of  the  Sahara.  It  is  in  a  region,  however, 
where  the  conditions  are  entirely  desert-like,  closely  resembling  those 
of  the  higher  western  part  of  the  Sahara.  The  other  three  station.s 
are  in  the  low  eastern  part  of  the  Sahai-a  proper.  Biskra  can  hardly 
be  regarded  as  a  typical  locality,  Ijeing  just  within  the  limits  of  the 
desert,  only  a  few  miles  south  of  the  mountains  which  form  the  north- 
ern boundary  of  the  Sahara.  Biskra  is  407  feet  above  sea  level. 
Tougourt,  120  miles  farther  south,  in  the  Oued  Rirh  country,  is  the 
center  of  some  40  oases,  where  hundreds  of  thou.sands  of  date  palms 
are  grown.  Its  altitude  above  mean  sea  level  is  22H  feet.  Ouai-gla,  well 
into  the  Sahai*a,  120  miles  still  farther  south,  has  the  same  elevation. 
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Among  the  localities  in  the  extreme  southwestern  ITnited  States 
selected  for  comparison,  Tucson,  Ariz.,  with  an  elevation  of  2,387 
feet,  resembles  in  situation  Bou  Saada.  Phoenix  (altitude,  1,100  feet) 
may  be  compared  with  Biskra.  At  Yuma  (altitude,  137  feet),  and 
still  more  at  Volcano  Springs  (228  feet  above  sea  level),  conditions 
would  be  expected  to  resemble  in  many  respects  those  prevailing  at 
Tougourt  and  at  Ouargla.  A  comparison  of  the  iSgures  in  these  tables 
shows  that  the  Coloi'ado  Desert  in  southern  California  is  warmer  than 
the  Sahara  in  Algeria.  Volcano  Springs  has  an  annual  mean  tempera- 
ture 10.7^  F.  higher  than  Tougourt,  and  in  summer  the  maxima  are 
higher.  The  extreme  minimum  temperatures  in  Arizona  and  Cali- 
fornia are  lower  than  those  in  the  Sahara.  For  example,  the  lowest 
recorded  temperature  at  Biskra  is  2t>.7^  F.,  while  at  Phoenix,  Ariz., 
the  minimum  frequently  falls  to  25^  F.,  and  has  been  as  low  as  12^  F.** 

HUMIDITY. 

While  the  actual  amount  of  water  vapor  in  the  air  is  sometimes 
quite  appreciable  in  the  Sahara,  the  relative  humidity  is  always  low, 
because  of  the  high  temperatures.  In  sununer  the  average  relative 
humidity  is  only  28  per  cent,  and  for  this  reason  the  excessive  heat  is 
less  uncomfortable  than  would  otherwise  be  the  case.  So  extreme  is 
the  dryness  of  the  atmosphere  that  one's  skin  is  seldom  wet  with  per- 
spiration, even  on  the  hottest  days.  Dew  is  rarely  precipitated,  and 
although  freezing  temperatures  are  by  no  means  unknown  in  winter, 
white  frost  is  not  common.  The  sky  over  the  Sahara  is  generally 
cloudless  and  very  clear,  particularly  in  the  night  time. 

Tabi.e  4. — Mean  relative  humidity  {in  percentttfjea)  of  localities  in  the  desert  region  of 

Algeriay  as  cotnpared  irilh  1 '«//«/,  Ariz. 


Algeria. 
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Guar-       Boil 
gla.     ,  Saada. 


Month. 


January 61.6  , 

February .V).  3 

March 5-2.0  , 

April 4H.'2  i 

May 42.9; 

June :«i.4 

July 3-2.6 


60.1 
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:«.7 
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Year 48.4 
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47.2 
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I 
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Yuma. 


26.4 
39.1 
47.6 
57.8 
61.8 

4<*).  8 


47.7 
44.7 
46.2 
43.3 
51.4 


4-2. 9 
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The  three  stations  in  the  Algerian  Sahara  where  records  of  relative 
atmospheric  humidity  have  been  kept  all  show  an  annual  mean  higher 

«For  a  detaileil  comparison  of  the  climate  of  the  Alj^erian  Sahara  with  tliat  of  the 
extreme  Southwestern  Statej^,  see  Bulletin  No.  58  of  the  Bureau  of  Plant  Industry, 
r.  S.  Department  of  Agriculture,  The  Date  Palm  and  Its  Ttilization  in  the  South- 
weHtem  States,  by  Walter  T.  Swingle,  HK}4,  pp.  52-70. 
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than  that  of  Yuma,  the  only  locality  in  the  desert  region  of  the  south- 
western United  States  where  acciimte  records  hav^e  lieen  kept.  Bat. 
while  in  winter  the  humidit}^  is  greater  in  the  Algerian  Sahara  than 
in  southwestern  Arizona,  in  summer  the  reverse  is  true. 

PSBCIPITATIOn. 

A  widely  received  explanation  of  the  peculiar  conditions  of  the 
Sahara,  as  regards  atmospheric  water,  is  as  follows:  The  central  por- 
tion of  the  desert  is  sufficient!}'  elevated  to  be  considerably  colder  in 
winter  than  the  Atlantic  Ocean  to  the  west  and  the  Mediterranean  Sfa 
northward.  Consequentl}^  the  general  direction  of  w  inds  in  winter  is 
from  the  center  toward  the  edge  of  the  desert,  which  preclude?^  the 
possibility  of  much  rainfall  at  that  season.  In  summer,  on  the  other 
hand,  the  normal  winds  blow  toward  the  highly  heated  center  of  the 
desert,  although  there  are  occasional  siroccos  in  the  contrary  direction. 
These  normal  summer  winds  from  the  Atlantic  and  Mediterranean 
would  cause  rainfall  in  summer  were  it  not  that  physiographical  con- 
ditions intervene  to  prevent  this.  Winds  from  the  west  encounter  a 
cold  current  that  follows  the  Atlantic  coast  of  northern  Africa,  and 
the  greater  part  of  the  moisture  they  carry  is  condensed  before  they 
reach  the  mainland.  The  high  summits  of  the  coastal  mountain  sys- 
tem of  Algeria  intercept  and  condense  most  of  the  water  vaiK)r  that  is 
brought  in  by  winds  from  the  Mediterranean.  What  little  moisture 
escapes  this  barrier  and  crosses  the  high  plateau  is  mostly  given  up 
when  the  mountains  along  the  northern  border  of  the  Sahara  are 
encountered.  Furthermore,  in  the  desert  itself  there  are  few  moun- 
tains of  sufficient  elevation  to  condense  what  water  vapor  passes  the 
second  barrier. 

Notwithstanding  these  conditions,  i"ain  is  by  no  means  unknown  in 
the  Sahara.  Heavy  precipitation  sometimes  occurs,  but  its  distribution 
is  very  irregular,  both  in  point  of  time  and  of  place.  Localities  in  the 
desert  are  known  which  have  received  no  appreciable  amount  of  rain 
for  ten  years  or  more.  At  other  times  a  cyclone  maj'  cause  a  sudden 
heavy  downpour.  Violent  torrents  are  formed  and  a  great  amount  of 
erosion  is  accomplished  in  a  few  hours.  The  higher  elevations  of  the 
isolated  mountain  masses  of  the  Sahara  have  a  somewhat  more  regular 
rainfall,  but  it  is  believed  that,  on  the  whole,  evaporation  exceinls  pre- 
cipitation in  the  .Sahara,  and  that  it^s  aridity  is  steadil}',  although 
imperceptibly,  increasing. 
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Tablk  5. — Rain/all  {in  incheft)  of  localities  in  the  desert  regum  of 

irith  similar  localities  of  the  south westrrn  United  St 
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A  comparison  of  precipitation  in  the  Algerian  dese 
southwestern  United  States  is  instructive  and  interes 
has  approximately  the  same  annual  total  as  Tucson,  m 
in  situation  and  elevation,  but  there  is  the  same  diffe 
tion  as  was  noted  in  the  case  of  atmospheric  humi 
falls  in  winter  and  less  in  summer  at  the  Algerian  th 
locality.     At  Biskra  and  Phoenix  very  nearly  the  .- 
of  rain  falls  during  the  3'^ear,  and  the  distribution  ; 
corresponds  more  clo.sely  than  as  between  Bou  Saada 
Ouargla  and  at  Tougourt  the  rainfall  is  considerably 
total  than  at  Yuma  and  at  Volcano  Springs.     In  disti 
these  four  stations  resemble  each  other  to  a  consider 
the  whole,  if  we  consider  only  localities  which  n 
extreme  conditions  in  both  great  arid  regions,  it  woi! 
de-sert  country  of  the  .southwestern  United  States 
than  the  Sahara  of  Algeria. 


IRRIQATION. 

Algeria  is  le.ss  fortunately  endowed  than   Kgypt 
supply.     She  has  no  large  river  like  the  Nile,  cont 
lowest  .stage  a  very  considerable  volume  of  water 
poses.     On  the  contrary,  the  water  cour.ses  of  the 
of  a  torrential  character,  running  high  after  hea^ 
dling  to  mere  rivulets  in  summer.     Most  of  them  s^ 
the  mountain  ranges  of  the  coast  region,  and  thus 
ticiently  large  area  to  gather  a  great  volume  of  w£ 
heavy,  and  they  accomplish  a  vast  amount  of  ero 
high  their  waters  carry  a  large  amount  of  silt, 
which  has  its  source  in  the  mountains  that  form  the 
of  the  Sahara  and  traverses  the  entire  width  of  t 
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but  an  in8igniii(*ant  stream  in  summer.  Rainfall  is  too  scanty,  even 
at  a  short  distance  from  the  coast,  to  feed  large  rivers.  For  this 
reason  irrigation  in  Algeria  must  necessaril}^  be  on  a  more  modest 
scale  than  in  Egypt.  As  a  matter  of  fact,  the  area  under  irrigation 
at  present  is  only  a  small  fraction  of  the  total  area  of  the  colony. 

The  littoml  zone  of  the  coast  region,  particularly  in  the  eastern  part 
of  the  colony,  receives  quite  enough  precipitation  in  winter  for  tiic 
growing  of  most  crops.  In  summer,  however,  there  are  very  few 
parts  of  Algeria  where  field  crops  can  be  grown  without  irrigation, 
at  least  without  a  mdical  change  in  the  methods  of  cultivation  gener- 
ally followed  in  the  colony.  Orchards  and  vineyards,  however,  c«n 
be  made  to  pay  in  some  places  without  artificial  watering.  This  is 
notably  the  case  in  the  mountain  zone,  where  steep  slopes,  ill  adapted 
to  irrigation,  are  covered  with  fruit  trees.  In  the  valle}'  and  plain 
zone  of  the  coast  region  irrigation  is  almost  indispensable  in  summer, 
and  even  the  winter  cereal  and  forage  crops  are  greatly  benefited  by 
an  occasional  watering.  In  the  high  plateau  region  nothing  can  be 
grown  in  summer  without  irrigation,  and  in  winter  it  is  only  in  an 
occasional  depression  that  the  natural  moisture  is  sufficient  to  bring  a 
crop.  In  the  desert  region  artificial  watering  is  at  all  times  necessary 
for  small  crops,  although  sometimes  it  is  of  the  simplest  character. 
Thus,  at  the  base  of  the  mountains  scanty  crops  of  grains  can  he  pro- 
duced by  throwing  up  a  series  of  ridges  to  retain  the  sheets  of  flood 
water  that  in  winter  occasionally  sweep  down  over  the  land. 

There  is  no  reason  to  believe  that  in  ancient  times,  when  north- 
ern Africa  was  the  granary  of  the  civilized  world,  conditions  as  to 
water  supply  were  essentially  different  from  those  now  prevailing, 
although  there  is  evidence  that,  in  eastern  Algeria  at  least,  crops  were 
much  more  extensivel}' grown  without  irrigation  than  is  now  the  case. 
Under  the  Carthaginian  regime,  and  later  under  the  Roman  rule,  irri- 
gation works  abounded  in  the  country  that  is  now  Algeria  and  Tunis. 
The  remains  of  such  structures,  sometimes  utilized  as  foundations  for 
modern  works,  are  numerous,  particularly  in  the  Depjirtment  of  Con- 
stantinc  and  in  Tunis.  Indeed,  more  than  one  region  that  is  now  a 
barren  desert  must  have  been  well  populated  and  in  a  high  state  of 
cultivation  two  thousand  years  ago. 

The  works  built  at  that  period  were  generally  of  the  simplest  and 
rudest  construction.  Often  merelv  a  mass  of  earth  or  broken  stone, 
held  in  place  )>y  a  row  of  stakes,  served  to  dam  a  small  brook.  For 
the  most  part  these  structures  were  evidently  the  work  of  the  colo- 
nists who  tilled  the  land  under  them,  rather  than  of  ti'ained  engineers. 
They  were  built  sometimes  by  individuals,  sometimes  by  associations. 
The  plan  usually  followed  was  to  dam  up  a  mountain  torrent  near  the 
point  where  it  debouches  upon  the  plain.  In  narrow  ravines  a  succes- 
sion of  rough  dams  was  often  constructed,  thus  allowing  the  stream 
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to  drop  from  terrace  to  terrace,  leaving  a  tiny  reservoir  at  each  stage, 
from  which  water  could  be  taken  at  need  for  irrigating  small  gardens 
and  orchards.  At  the  mouth  of  the  ravine  was  a  larger  distributing 
r€i^;ervoir,  with  a  dam  of  stone  and  masonry,  for  diverting  water  into 
the  irrigation  canals,  which  branched  out  over  the  lower  lands  beyond. 
The  safety  of  the  larger  dam  was  assured  by  the  presence  of  these 
smaller  reservoirs  farther  up  the  stream.  By  this  method  not  only 
"was  water  secured  for  irrigation,  but  the  force  of  the  current  in  times 
of  flood  was  effectuallv  checked.  For  a  roaring,  muddy  torrent, 
s^veeping  all  before  it  and  carrying  away  great  masses  of  the  soil, 
^was  substituted  a  gentle  stream  of  clear  water,  incapable  of  destructive 
erosion. 

During  the  long  centuries  of  Arab  domination  most  of  these  irriga- 
tion works  Tell  into  ruin.  Some,  however,  were  patched  up  from 
time  to  time,  and  were  used  by  the  Arabs  to  irrigate  their  small  fields 
and  gardens.  Soon  after  the  French  conquest  the  all-importance  of 
some  provision  for  the  artificial  watering  of  the  land  was  perceived, 
and  the  construction  of  large  storage  and  diversion  reservoirs  along 
Algerian  streams  was  begun.  At  first  this  work  was  done  by  the 
engineer  service  of  the  French  army. 

COAST  BEGION. 

w 

Irrigation  in  Algeria  to-day  reaches  its  maxinmm  development  in 
the  larger  valleys  and  plains  of  the  coast  region.  A  number  of 
important  irrigation  districts  have  been  established,  and  reservoirs  and 
canals  have  been  constructed.  At  ^larengo,  on  the  Meurad,  the  first 
storage  reservoir  constructed  by  the  French  was  finished  in  1S57. 
The  dam,  built  of  earth,  is  2()()  feet  long  and  90  feet  high.  The  bar- 
rage of  the  Cheurfas  is  built  across  the  Sig,  a  short  distance  south  of 
St.  Denis  du  Sig.  It  took  the  place  of  a  Turkish  dam  which  was 
washed  out  in  1858.  The  present  reservoir  stores  2,400  acre-feet  and 
supplies  water  for  the  irrigation  of  5,000  acres  in  winter  and  2,000 
acres  in  summer.  A  larger  dam,  6  miles  farther  upstream,  was  com- 
pleted in  1SS4.  This  dam  was  of  masonry,  98.4  feet  high,  62.2  feet 
thick  at  the  base,  and  13.1  feet  thick  at  the  top.  The  capacity  of  the 
reservoir  was  calculated  at  14.600  acre-feet.  On  February  8,  1885, 
the  dam  broke,  carrying  with  it  also  that  farther  downstream.  This 
break  is  said  to  have  been  caused  by  the  infiltration  of  water  through 
the  rock  around  the  dam.  The  foundation  was  of  soft  sandstone,  in 
many  places  hardly  sufiiciently  indurated  to  wan-ant  its  being  called 
rock.  The  dam  which  was  then  built  on  the  site  of  the  older  one  is 
on  the  same  general  plan  as  its  predecessor,  but  instead  of  being  built 
on  a  straight  line,  the  new  portion  is  at  an  angle  of  128  degrees  with 
the  old  work,  the  angle  pointing  downstream.  The  object  of  con- 
structing the  dam  in  this  way  was  to  obtain  a  better  foundation.     It 
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is  reported  that  seepage  around  and  under  the  walls  of  the  stnictuic 
still  causes  trouble,  and  some  engineers  question  the  permanent  ^ety 
of  the  work. 

The  largest  storage  dam  in  Algeria  is  that  across  the  Habrs  Birer, 
7  miles  south  of  the  town  of  Perr^gaux.  This  structure,  al«io«  has  been 
the  scene  of  a  catastrophe,  and  a  much  more  serious  one  than  that 
which  occurred  at  St  Denis  du  Sig.  The  original  dam,  1,5<.>6  feet  long, 
was  built  in  two  sections  at  an  angle  of  30  degrees,  with  the  ai^e 
pointing  downstream.  It  was  partly  carried  awa}'  on  December  15, 
1881,  by  excessive  floods  which  overtopped  the  entire  dam.  This 
disaster  is  generally  attributed  to  the  giving  way  of  the  soft  founda- 
tion material,  and  to  water  cutting  around  the  ea«t  end  through  the 
soft  material.  As  a  result  of  the  break  in  the  eastern  end  of  the  dam 
400  persons  were  drowned  and  immense  damage  was  done  to  property. 

The  work  of  reconstruction  was  finished  in  1886.  The  dam,  aa  it 
now  exists,  is  essentially  in  three  parts.  The  spillway  on  the  weat 
end  has  a  length  of  about  410  feet.  The  center  of  the  dam  cras;?es  an 
island  which  divides  the  stream  into  two  channels.  The  portion  of  the 
dam  across  the  east  channel  is  13  feet  higher  than  that  over  the  we^ 
channel.  The  reconstructed  dam  has  a  height  of  131  feet,  is  1,443  feet 
long,  131  feet  thick  at  the  base,  and  14.7  feet  thick  at  the  top.  The 
highest  part  of  the  dam,  in  the  eastern  section^  consists  of  a  wall  T.S^ 
feet  high  and  4.9  feet  thick,  resting  upon  the  top  of  the  dam  pix>per. 
This  was  added  to  prevent  overflow  of  the  adjacent  laud  by  flood^s* 
The  event' has  shown  the  wisdom  of  this  precaution,  for  in  1900  water 
rose  to  within  2  feet  of  the  top  of  the  highest  wall,  and  was  6  feet 
higher  than  the  crest  of  the  spillway.  The  total  cost  of  the  Ilabrm 
dam,  from  the  inception  of  the  enterprise,  has  been  about  $1,080,000- 

The  reservoir  formed  by  this  structure  has  a  capai*ity  of  30,800  acre- 
feet,  and  is  intended  to  provide  for  the  irrigation  of  about  1<X>,000 
acres,  although  so  large  an  area  has  never  been  taken  up  under  iL 
The  water  from  the  reservoir  is  taken  out  at  the  base  of  the  high  or 
eastern  portion  of  the  dam.  A  complicated  apparatus  has  been  devised 
by  which  water  passing  through  the  sluice  furnishes  power  to  pump 
water  into  a  tank,  which  is  situated  upon  a  hill  about  100  feet  high  at 
the  east  end  of  the  dam.  The  water  thus  elevated  furnishes  stored 
power  for  the  operation  of  the  sluice  gate.  The  gate  is  supposed  to 
be  automatically  raised  and  lowered  as  the  water  rises  and  falls  in  the 
reservoir,  but  the  mechanism  has  never  proved  altogether  satisfactory. 

The  Habra,  with  its  tributaries,  has  a  flow  in  summer  of  18  second- 
feet,  but  during  unusual  floods  the  discharge  has  been  known  to  exceed 
25,000  cubic  feet  per  second.  Although  the  drainage  basin  above  the 
Habra  dam  covers  3,859  square  miles,  the  mean  annual  discharge  of  the 
stream  is  estimated  to  amount  to  only  about  three  and  one-half  times 
the  capacity  of  the  reservoir.     During  the  flood  which  occasioned  the 
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fr>  reuking  of  the  dam,  ciuised  by  a  6i-inch  rain  over  a  great  part  of  the 

•ratershed,  the  run-off  in  one  night  was  more  than  three  times  the 

,pacity  of  the  reservoir. 

Near  the  town  of  Relizane  a  small  masonrv  dam  has  been  built 

»^<3ross  the  Mina  River.     This  dam  has  a  height  of  45  feet  above  the 

t:lie  bottom  of  the  rocky  gorge  in  which  it  is  built.     It  was  originally 

"|^>lanned  to  liold  up  a  small  storage  reservoir,  but  this  has  become  tilled 

ith  sediment,  and  now  the  dam  serves  only  for  the  direct  diversion 

►f   the  water  of  the  stream.     The  discharge  of  the  Mina  is  small. 

Though  the  canal  system  fed  by  this  barrage  covers  an  area  of  20,000 

adores,  the  land  actually  irrigated  is  not  of  large  extent.     The  water  of 

t:his  stream,  when  examined  toward  the  end  of  July,  1902,  was  found 

±jo  carry  123  parts  of  soluble  matter  per  100,000  parts  of  water.     Of 

this,  26  parts  were  bicarbonates,  1  part  carbonate,  60  parts  chlorids, 

»nd  36  parts  sulphates. 

Another  masonry  work  of  importance  is  that  ac^oss  the  Djidiouia 
Kiver  near  St.  Aime,  in  western  Algeria.  It  is  164  feet  long,  65.8 
feet  high  above  the  foundation,  and  91.9  feet  high,  foundation  included. 
The  base  has  a  thickness  of  36.1  feet,  and  the  top  13.1  feet.  The 
reservoir  has  a  capacity  of  2,000  acre-feet,  and  is  intended  to  irrigate 
from  7,500  to  10,000  acres. 

Since  it  wils  built  this  reservoir  has  become  almost  completely  tilled 
with  silt.  In  all  reservoirs  in  Algeria  the  accumulation  of  silt  has 
given  trouble,  but  only  at  St.  Aime  have  attempts  been  made  to 
remedy  the  evil.  M.  Jaudiu,  a  hydraulic  engineer,  has  invented  a 
machine  for  stirring  up  and  removing  the  silt.  His  apparatus  consists 
of  a  metal  tube  or  conduit  20  inches  in  diameter,  the  lower  end  of 
which  penetrates  the  dam  near  its  bottom.  The  free  portion  is  kept 
afloat  by  buoys  and  is  attached  by  flexible  joints  to  a  floating  scow. 
The  connections  are  made  so  as  to  allow  the  scow  to  float  from  side  to 
side  of  the  reservoir,  and  the  end  of  the  pipe  can  be  raised  and  low- 
ered as  desired.  The  difference  in  level  between  the  end  of  the 
pipe  projecting  through  the  dam  and  that  attached  to  the  scow  pro- 
duces a  strong  current  through  the  pipe.  As  the  pipe  is  moved  along 
the  mud  is  sucked  into  it  and  is  carried  below  the  dam.  The  clay 
drawn  into  the  pipe  is  found  to  }>e  so  well  packed  and  so  stiff  that  it 
has  to  be  cut  out  by  a  special  cutting  apparatus  built  like  a  steam  screw. 
In  spite  of  the  cutting  apparatus,  the  water  thus  removed  carried  only 
from  4  to  5  per  cent  of  silt.  The  inventor  claims  that  under  favonible 
conditions  he  can  remove  water  containing  16  per  cent  of  silt.  The 
expense  of  operating  the  apparatus  is  estimated  at  $35,000  a  year,  and 
the  cost  of  installation  for  a  fairly  large,  dam  would  be  $540,000.  The 
inventor  was  under  contract  to  remove  the  silt  from  this  reservoir  at 
20  cents  per  cubic  meter  (H  lj;;£njin  pnr  niituQjnnl) 
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In  the  Mitidja  Valley,  near  Algiers,  there  is  a  reser^-oir  which  is 
capable  of  holding  about  11,340  acre-feet  of  water.  This  i^  8ufficieiit 
to  irrigate  75,000  acres,  but  the  area  actually  under  irrigation  is  only 
one -third  as  large. 

The  irrigation  works  just  described  are  more  or  less  typical.  At  a 
nuinl)er  of  other  places  dams  are  either  in  actual  use  or  are  under  con- 
struction. Algeria  has  been  unfortunate  in  regard  to  disasters  to  her 
irrigation  works.  This  has  tended  to  create  distrust  of  them  among 
farmers  who  practice  irrigation.  There  were  lean  years  for  people 
who  tried  to  farm  below  the  canals  while  new  works  were  building,  and 
the  memory  of  those  trying  times  is  still  vivid.  It  se«ms  that  in  the 
earl}'  days  of  colonization  too  much  land  was  covered  by  the  irrigHtion 
works.  Consequently,  there  are  now  large  uncultivated  areas  acro?vs 
which  the  canals  and  laterals  have  to  be  extended  in  order  to  reach 
land  thaf  is  in  crops. 

There  is  reason  to  believe,  as  an  eminent  authority  upon  agriculture 
in  Algeria  has  remarked,  that  more  good  might  result  from  the  con- 
struction of  series  of  irrigation  works  on  a  small  scale,  after  the  fash- 
ion of  the  Carthaginian  and  Roman  colonists,  than  from  the  building 
of  elaborate  engineering  works  such  as  have  just  been  described.  The 
peculiar  torrential  character  of  Algerian  streams  and  the  great  quan- 
tity of  silt  they  carry  make  them  ill  adapted  to  large  structures  of 
this  kind;  but  small  diversion  resen'oirs,  that  afford  water  only  in 
winter,  are  a  valuable  supplement  to  the  natural  rainfall,  particularly 
in  the  drier  western  part  of  the  coast  region.  There  it  is  found  that 
one  or  two  irrigations  during  the  winter  will  very  materially  increase 
the  yields  of  cereals  and  forage  crops.  Handled  thus,  with  two  irriga- 
tions in  winter,  an  acre  of  wheat  in  the  Ch^liff  Valle\-  can  sometime?^ 
he  made  to  vield  44  bushels. 

The  most  important  direct  diversion  of  water  from  a  stream  in 
Algeria  is  that  on  the  Ch^liff,  15  miles  above  Orleansville,  where 
the  irrigating  water  is  taken  from  the  west  bank  of  the  river  by  mean^: 
of  a  canal  with  a  capacit}'  of  about  50  cubic  feet  per  second.  One 
branch  of  this  canal  is  carried  across  the  river  by  a  siphon  to  irrigate 
the  right  bank.  On  the  left  bank  6,(.K)0  acres,  and  19,000  acres  on 
the  right  bank,  are  irrigated  by  this  canal.  The  entire  system  cost 
about  $480,000.  Those  who  use  the  water  are  required  to  construct 
the  secondary  canals,  pay  a  rental  to  the  government,  and  keep  the 
works  in  repair.  Of  the  50  cubic  feet  of  water  per  second  available 
under  this  system,  13  only  have  been  subscribed  for,  on  account  of 
the  excessively  high  water  rent  asked.  Similar  difficulty  in  inducing 
farmers  to  subscribe  to  water  at  the  rates  demanded  has  been  encoun- 
tered elsewhere  in  the  colony. 

In  the  mountain  zone,  notably  in  Great  Kabylia,  there  are  many 
small  diversion  dams,  cheaply  constructed  in  narrow  ravines  out  of 
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Kiu'h  materials  a.s  are  readv  to  hand.  Bv  means  of  these,  streams  that 
in  summer  appear  to  be  dry,  but  really  carry  subterranean  water,  are 
made  to  serve  for  irrigation  at  that  season.  The  bed  is  dug  out  until 
rock  bottom  is  reached.  A  dam  is  then  roughly  fashioned  out  of 
stones.  The  trunk  of  a  tree  is  laid  acrass  the  top,  which  is  slightly 
higher  than  the  general  level  of  the  stream  bed,  and  clay  and  stones 
are  piled  up  l)ehind  the  dike;  or,  sometimes,  a  mere  double  row  of 
stakes,  filled  in  with  clay  and  stones,  is  made  to  answer  the  purpose. 

Various  devices  are  in  use  in  Algeria  for  preventing  water  that  falls 
upon  cultivated  hillsides  from  running  off  too  rapidly.  Particular 
attention  has  been  paid  to  this  question  in  vineyards.  Sometimes 
shallow  basins  are  dug  in  the  center  of  each  quadrangle  formed  by 
four  vines.  Another  practice,  which  is  also  followed  by  the  Kabyles 
in  their  orchards,  is  to  run  horizontal  furrows  or  trenches  across  the 
hillside  at  regular  intervals,  throwing  out  the  soil  on  the  downhill 
side.  It  has  been  estimated  that,  at  a  cost  of  about  $3,  from  9,(X)0  to 
10,iK)0  cubic  feet  of  water,  enough  to  cover  the  land  to  a  depth  of  from 
"2  to  4  inches,  can  thus  be  saved  annually  in  each  acre  of  vineyard.  In 
olive  orchards,  which  cover  steep  hillsides  in  some  parts  of  the  colony, 
V-shaped  trenches,  pointing  downhill,  are  dug  so  that  the  point  of  a 
trench  is  situated  near  the  base  of  each  tree.  The  soil  around  the 
tree  is  kept  loose  in  order  to  facilitate  absorption  of  the  water  thus 
carried  to  it. 

The  market  garden's  of  the  littoral  zone  are  generalh'  irrigated  by 
means  of  the  '*noria,"  a  water-lifting  machine  that  has  been  in  use 
for  ages  in  the  Mediterranean  region.  It  consists  of  a  vertical  wheel, 
to  the  rim  of  which  buckets  are  attached,  and  which  turns  by  inter- 
loi^king  its  cogs  with  those  of  a  horizontal  wheel.  To  the  latter  an 
animal,  usually  a  horse  or  a  donkey,  is  hitched,  and  is  driven  around 
in  a  circle.  A  second  animal  is  kept  to  relieve  the  first,  generally 
every  two  hours.  By  means  of  the  noria  one  horse  can  raise  150 
gallons  of  water  11  feet  in  a  minute,  which  is  equivalent  to  0.33  second- 
foot.  The  water  is  collected  in  a  basin  that  generally  holds  from 
1,000  to  1,800  cubic  feet.  Even  field  crops  and  vineyards  can  be 
profitably  irrigated  with  the  noria  if  the  water  supply  is  ample  and  the 
lift  does  not  exceed  40  feet.  But  its  greatest  usefulness  is  in  connec- 
tion with  the  intensively  cultivated  and  very  remunerative  truck  crops. 
The  noria  is  said  to  be  more  economical  for  raising  water  than  any 
hydraulic  machine,  only  one-fifth  of  the  total  power  expended  being 
lost.  Near  Algiers,  where  the  irrigation  of  gardens  is  most  expensive, 
the  annual  cost  of  watering  1  acre  with  the  noria  is  placed  at  $65. 

The  water  used  for  irrigation  in  the  coast  region,  except  in  some  of 
the  valleys  of  western  Algiei*a,  is  general!}'  very  good,  rarely  contain- 
ing a  hannf  ul  quantity  of  salts.  However,  no  attention  has  been  given 
to  the  matter  of  drainage  of  irrigated  lands.     Particularly  in  western 
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Algeria,  large  areas  of  once  fertile  soil  have  in  consequence  hecoine 
subirrigated  and  .salty.  In  many  cases  considerable  tracts  have  lad 
to  be  abandoned  for  this  reason. 

HIGH  PliATEAU  BEGION. 

A  very  insignitieant  area  is  irrigated  in  the  higii  plateau  region. 
Thei'e  are  almost  no  running  sti^earas,  except  after  an  occasional  heavy 
rain  in  winter.  The  water  of  the  chotts  or  lakes  that  fill  the  depres- 
sions is  far  too  salty  to  lie  used  for  irrigating  purposes.  Here  and 
there  a  small  patch  of  grain,  forage  plants,  or  garden  vegetables  is 
watered  from  a  well,  but  artesian  water  seems  to  be  generally  lacking. 

DESEBT  BEGION. 

Oases  of  greater  or  less  extent  occur  in  all  parte  of  the  Sahai'a.  They 
are  particularly  numerous,  however,  in  the  lower  eastern  portion.  In 
the  region  known  as  the  Oued  Rirh,  a  larger  percentage  of  the  total 
area  is  occupied  by  cultures  than  anywhere  else  in  the  desert.  The  oaires 
(see  PI.  I),  almost  without  exception,  are  probably  of  artificial  origin. 
The  date  palm,  to  which  they  owe  their  life,  is  believed  to  have  l>een 
introduced  into  Algeria  by  man.  In  some  places  near  the  base  of  the 
mountains,  as  in  the  region  of  the  Zibans,  there  is  flowing  water  on 
the  surface  of  the  ground  which  can  l>e  diverted  directh'  into  canaN. 
At  most,  a  few  rude  dams  are  needed  to  mise  its  level  a  few  inches. 
Elsewhere  wells  must  be  dug  and  the  water  must  genei'all3"  l>e  raised 
by  hand  or  by  the  noria  in  order  to  water  the  crops.  The  source  of  the 
water  thus  utilized  is  to  be  looked  for  in  the  high  mountains  adjacent  to 
the  Sahara,  where  the  rainfall  is  much  heavier  than  in  the  desert  itself. 
This  water  flows  down  to  the  lower  levels,  at  first  over  the  surface  of 
the  ground,  then  beneath  it.  Subterranean  streams  of  considei^ble 
volume  must  occur  in  the  eastern  part  of  the  Sahara.  There  Ln  no 
foundation  for  the  idea  sometimes  entertained  that  the  oases  are  nat- 
ural subirrigated  spots  in  the  desert.  Most  of  the  desert  soils  are  toi> 
saline  to  permit  of  subirrigation  without  injury  to  the  ci-ops.  As  a 
matter  of  fact,  agriculture  would  be  almost  impossible  in  the  Sahara 
were  not  careful  provision  made  for  drainage. 

From  veiy  ancient  times  irrigation  has  been  practiced  in  the  desert. 
When  the  Romans  governed  northern  Africa  the  area  under  cultiva- 
tion in  the  Sahara  was  much  larger  than  it  is  to-day.  By  man\'  centu- 
ries of  practice  the  natives  of  the  Sahara  have  acquired  great  skill  in 
procuring  and  managing  water  for  irrigation.  The  art  of  well  boring, 
as  originally  practiced  in  the  Oued  Rirh,  is  a  dangerous  one.  The 
work  is  begun  by  scrooping  out  a  hole  in  the  sand,  the  sides  of  which 
are  incased  with  wood  as  fast  as  the  digging  proceeds.  Finally,  a 
layer  of  rock  or  of  stiff  clay,  overlying  the  sheet  of  water,  is  reached. 


IRRIGATION. 

This  is  broken  through  with  a  few  strokes  of  the  pick, 
sAj-iconds  with  considerable  force,  as  is  sometimes  th« 
digger  runs  c;  nsiderable  risk  of  Ijeing  drowned.  In  t 
f>le  |)arts  of  the  Sahara,  modern  well-boring  machir 
T-€3plaeed  the  ancient  method. 

The  natives  are  very  jealous  of  the  water  that  is  i 
tiiuch  difficult}',  and  numerous  quarrels  arise  over 
III  the  Zil>ans  oases,  where  a  system  of  canals  exists,  i| 
"trolled  by  an  association  which  decides  in  what  qui 
^%vhat  days  it  shall  be  allotted  to  each  person.     It  is  ri 
ing  the  trunk  of  a  date  palm  across  the  top  of  an  eai 
c*anal.     Notches,  corresponding  to  the  width  of   th<i 
thumb  closed,  are  cut  into  this  trunk  at  intervals.     T'l 
j^asses  each  of  these  notches  represents  one  share  of  i ; 
In  the  Oued  Rirh  region,  since  the  French  occupati 
artesian  wells  have  been  bored,  under  the  direction 
iM'came  famous  through  his  connection  with  this  wor  ; 
sunk  in  1850.     In  1898  there  were  120  metal-cased  ar  i 
160  to  330  feet  deep,  in  addition  to  500  wells  dug    i 
total  discharge  of  all  these  wells  was  about  140  cubic 
yet  so  far  the  water  supply  has  sutfered  no  percep  i 
With  the  water  thus  obtained  the  area  in  date  palms  I 
extended  during  the  past  thirty  years.     It  is  estin  i 
the  last  three  decades  the  population  of  the  Oued  I  i 
and  the  wealth  of  the  region  has  been  increased  te   I 
probably  few  other  parts  of  the  Sahara  where  sue 
possible. 

Unlike  the  irrigating  water  of  the  coast  region, 
desert  region  generall}'  carries  a  high  percentage  oi   i 
In  fact,  the  water  with  which  various  crops  are  grov 
Saham  appears  to  be  saltier  than  that  used  for  this      i 
else  in  the  world.     So  far  as  is  known,  500  parts  o    • 
parts  of  water  is  the  maximum  concentration  of  w 
with  success  in  the  United  States,  and,  under  ordinj    i 
300  parts  is  the  limit  for  successful  crop  productio 
however,  water  containing  as  much  as  800  parts  of 
total   amount   being  sodium   chlorid)   per  100,000 
applied  to  soils  that  are  themselves  highly  saline, 
vated   plants —various   fruit   trees,  garden  vegetal 
thrive  under  these  conditions. 

It  seems  a  fair  inference  that  the  maximum  amoui 
which  can   safely  be  allowed  in  irrigation   water     i 
estimated  by  American  writers.     Where  the  soil  i 
drainage  is  provided  for,  as  is  the  case  in  the  A 


too  .sultiie  ooukl  safely  be  used  in  irrigating  crops. 

The  date  palm  in  the  uKwt  «alt-res)stant  cultivated  plant  of  the  Safaan, 
no  far  as  is  known.  The  maximum  amount  of  salt  in  the  irrigating 
water  which  this  tree  can  endure  without  detriment  to  the  crop  has  not 
been  ascertained.  It  would  appear,  however,  to  be  something  lees  than 
1,000  parts  per  100,000,  for  water  of  a  pond  containing  1 .014  parb  per 
100,000  of  soluble  salta,  of  which  l,03t>  parta  was  sodium  chlorid, 
had  been  found  to  be  too  salty  for  irrigating  a  young  date  orchard. 

A  number  of  samples  of  art«sian  water  used  in  irrigating  the  oase?) 
near  Tougourt,  in  the  Oued  Rirh  region,  were  taken  bv  the  writers 
and  were  analyzed  in  the  laboratory  of  the  Bureau  of  Soils  of  the 
Department  of  Agriculture.  The  results  are  stated  in  the  following 
table: 

Table  H. — Chrmiral  aiialyiiftvf  uiiriian  valrr  turd  in  irrigaling  gardftit  in  Sn/tarmniatfK, 
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These  are  fair  average  samples  of  the  irrigation  watei-M  in  use.  antl 
do  not  represent  by  any  means  the  maximuiu  of  salinity.  Field  te.-Ls 
showed  as  high  as  81(>  parts  to  100,000  in  water  in  actiutl  use  on  soils 
wheregarden  vegetables  were  growing,  while  French  authorities  report 
the  use  of  watei-s  oarrying  842  parts  per  100,0(K). 

SOILS. 

The  soils  of  Algeria  are  of  many  varieties  and  types,  varying  from 
the  coarsest  sands  to  heavy  clays.  The  differences  are  due  chieHy  to 
two  causes — the  nature  of  the  underlying  rocks  and  the  climatic  iim- 
dittons  under  which  the  soil  was  formed.  Different  i'la.s.scs  of  soils  an* 
found  in  each  physiographic  region  and  there  are  few  typos  which 
are  common  to  all  thi-ee  regions.  In  the  littoral  zone  of  the  coast 
region  much  of  the  soil  is  of  the  adobe  type,  containing  a  considerable 
quantity  of  clay.  In  the  alluvial  bottoms,  however,  we  find  extensive 
areaa  of  other  kinds  of  noil.    In  the  moimtain  zone  the  soils  are  not 
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for  the  most  part  adobe-like.  On  the  high  plateau  the  soils  are 
largel}^  coUuvial.  In  the  desert  we  encounter  vast  areas  of  light, 
6:»9indy  soils,  but  there  are  also  extensive  tracts  of  marls,  chiys,  and 
askiluvial  soils. 

Very  few  samples  of  soil  were  collected,  as  no  general  investigation 
of  the  various  types  was  attempted  by  the  writers.  It  was  observed, 
however,  that  in  Algeria  there  appear  to  be  no  important  soils  which 
are  not  represented  in  California  and  Arizona  by  very  similar  types. 
Obseivations  were  largel}'  directed  toward  the  comparison  of  Algerian 
hsoils  and  their  productivity  with  corresponding  soils  in  America  under 
2simiiar  climatic  conditions. 

COAST   BEQION. 
LITTORAL  ZONE. 

An  important  and  characteristic  soil  of  the  littoi*aI  zone  is  a  bright- 
red  ''adobe,"  very  couunon  in  the  vicinity  of  Algiers,  near  Oran,  and 
elsewhere  along  the  coast.  It  is  sticky  when  wet  and  forms  very  hard 
clods  when  dry,  cracking  to  a  depth  of  from  12  to  24  inches.  This 
soil  is  often  naturally  poor  in  phosphoric  acid,  nitrogen,  and  lime,  but 
responds  readily  to  treatment.  Its  potash  content  is  generally  ade- 
quate. It  is  an  excellent  soil  for  vine^-ards,  except  in  cases  where  a 
lime  "hardpan"  occurs  too  near  the  surface.  Some  of  the  best  wines 
of  Algeria  are  produced  on  soil  of  this  t3'pe.  The  American  soils 
which  most  nearly  resemble  it  are  the  San  Joaquin  red  ado})e,  as  it 
occurs  in  the  San  Joaquin  and  Sacnimento  valleys,  and  the  FuUerton 
sandy  adobe  of  the  coast  region  of  southern  California. 

A  mechanical  analysis  of  one  specimen  of  this  soil  is  given  on  page 
40,  under  No.  7663.  This  sample  was  collected  a  few  miles  south  of 
Oran,  and  represents  the  heaviest  phase  of  this  red  soil.  We  have 
not  found  in  America  a  type  of  red  adobe  in  which  the  average  day 
content  is  so  high.  The  black  adobes  of  the  United  States  are  some- 
times verv  clave V,  but  most  American  adobes  contain  more  silt  than 
clay.  The  same  soil  type  was  also  observed  at  Arzeu,  in  western 
Algeria,  at  various  localities  near  Algiers,  and,  to  a  less  extent,  around 
Tizi  Ouzou,  in  Great  Kabylia. 

River  bottoms  in  the  littoral  zone  are  characterized  bv  soils  that  are 
quite  different  from  the  red,  clayey  t}  pe  just  described;  and  are,  in 
fact,  mere  continuations  of  the  soils  of  the  next  zone.  The}'  are 
usually  alluvial  deposits,  clayey  or  marly  in  texture,  and  are  quite 
fertile.  They  contain  an  abundance  of  potash,  though  they  are  some- 
times deficient  in  phosphoric  acid. 

YALLET  AND  PLAIN  ZONE. 

The  large  vallej's,  which  in  some  cases  are  so  extensive  as  to  be 
virtually  plains,  contain  a  great  variety  of  soils.     The  plains  of  the 
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Mitidja,  Ch^liff,  Mina^  Habra,  and  Macta  are  tj'pical  of  manv  oth^^r 
valleys  and  plains  in  Algeria.  As  before  mentioned,  they  are  similar 
in  many  ways  to  the  interior  valleys  of  California.  The  soik  are 
mainly  alluvial  and  are  generally  heavy.  Around  Kelizano  and  Per- 
regaux,  where  the  writers  made  most  of  their  studies,  the  soil  t 
similar  to  the  San  Joaquin  black  adobe.  In  the  Mitidja  the  heavier 
soils  are  well  supplied  with  potash  and  are  fairly  well  provided  with 
nitrogen  and  phosphoric  acid.  In  the  Ch^liff  Valley  these  elements 
are  less  abundant. 

Sample  No.  7658,  in  the  table  given  below,  shows  the  i-ei>ults  of  a 
mechanical  analysis  of  the  heaviest  of  the  valley  adobes.  This  sample 
was  collected  from  a  field  which  was  very  fertile  twentj'  y-ears  ago, 
but  which  has  since  l)een  ruined  by  the  rise  of  stilLs,  and  is  to-day 
valueless.  This  soil,  before  it  had  l)ecome  saline,  had  exhibited  great 
fertility  during  a  long  series  of  years.  In  former  years  it  3'ielded 
grain  of  a  superior  grade  and  good  crops  of  cotton.  Sample  No.  7^^ 
represents  a  type  of  this  adobe  soil  of  medium  heaviness.  Soil  of  thi^^ 
kind  is  often  planted  to  vines,  fruits,  and  olives.  The  sample  was 
collected  near  Perr^gaux,  at  La  Ferme  Blanche,  headquarters  of  one 
of  the  largest  vine3'ards  in  Algeria.  A  still  lighter  tvpe,  one  cIoe«ely 
approaching  a  sandy  loam,  is  represented  l)y  sample  No.  7661.  This 
type  is  usually  found  in  the  higher  portions  of  the  valleys,  and  is 
planted  to  vines  and  alfalfa. 

MOUlTTAnr  ZOKE. 

The  soils  of  the  mountain  zone  of  the  coast  region  can  be  divided 
into  (1)  valley  soils  and  (2)  soils  of  the  hills  and  mountain  slopes.  The 
hills  and  mountains  are  covered  with  either  residual  or  colluvial  soils. 
As  a  rule,  these  soils  are  more  or  less  gravelly  or  stony,  and  are  light 
and  well  drained.  The  lower  slopes  frequently  have  heavier  adolw 
soils,  similar  in  character  to  the  adobes  of  the  lower  slo|)es  of  the 
Sierra  Nevada  and  the  coast  range  in  California. 

The  soils  of  valleys  in  the  mountain  zone  are  generally  alluvial, 
being  composed  of  the  waste  from  adjoining  hills  and  mountains.  The 
smaller  valleys  have  light,  usually  well -drained,  soils  containing  some 
gravel. 

Table  7. — Mechanical  analyses  of  coaM.  region  soils. 
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HIGH  PLATEAU  REGION. 

The  soils  of  this  region,  derived  largely  from  cretaceous  and  ter- 
tiary locks,  are  in  great  part  alluvial  deposits  washed  down  from  the 
neig'hboring  mountains.  Particularly  in  eastern  Algeria,  soils  very 
rich  in  phosphates  occur.  These  would  he  extremely  fertile  if  water 
wherewith  to  irrigate  them  were  available.  Calcareous  hardpan  under- 
lies a  great  deal  of  the  surface  of  the  high  plateau.  Where  this 
impervious  layer  is  quite  near  the  surface  the  vegetation  is  sparse  and 
woody  plants  are  absent. 

The  high  plateau  soils  gmde  from  stony  soils  on  the  lower  slopes  of 
the  mountains,  through  sandy  loams  and  loams,  to  heavy  clay  loams 
and  clays  in  the  bottoms  of  the  depressions.  These  depressions,  known 
among  the  Arabs  as  ''  chotts,"  arc  a  conspicuous  feature  of  the  steppes. 
While  occa.sionallv  tilled  with  water,  the  bottom  is  commonlv  dry  and 
covered  with  a  layer  of  salt.  The  chotts  greatly  resemble  the  "  playa  " 
lakes  of  the  Great  Basin  region  in  Utah  and  Nevada  and  of  the  ''  bol- 
son"  plains  of  the  southwestern  United  States  and  Mexico.  The  soil 
in  the  bottom  of  the  chotts  is  always  heavy  and  impervious. 

DESERT  KEGION. 

The  soils  of  the  western  part  of  the  Algerian  Sahara — which  is  of 
very  little  agricultuml  importance — more  or  less  resemble  those  of 
the  very  arid  parts  of  the  high  plateau.  In  the  eastern  part  of  the 
desert,  where  numerous  oases  occur,  the  character  of  the  soil  becomes 
u  matter  of  greater  practical  interest.  The  combined  area  of  all  the 
oases  amounts  to  but  a  small  fraction  of  1  per  cent  of  the  total  surface 
of  the  desert.  The  limited  localities  where  oases  occur  are  determined 
l)y  the  presence  of  water  rather  than  l)}^  any  exceptional  fertility  of 
the  soil.  As  a  matter  of  fact,  there  are  vast  tracts  in  the  Sahara  which 
are,  probabl3\  naturally  more  fertile  than  the  oases  and  require  only 
water  to  make  them  extremely  productive. 

The  field  observations  made  bv  the  writers  were  confined  to  a  num- 
ber  of  typical  areas  in  the  Oued  Rirh  country.  There  are  found  the 
most  important  oases  that  are  easih'  accessible  from  the  Mediterranean 
coast.  They  are  situated  in  w  hat  is  probably  the  hottest  part  of  the 
desert  and  their  elevation  above  sea  level  is  only  a  few  feet.  In  fact, 
several  of  the  oases  occur  in  a  part  of  the  basin  that  is  below  sea  level. 

As  a  rule  tlie  soils  of  the  oases  in  the  eastern  Sahara  are  light  in 
texture.  Sandy  loams  and  sands  predominate,  though  here  and  there 
are  found  soils  heavy  enough  to  be  classed  as  true  loams.  Gypsum  is 
an  important  constituent  of  nearly  all  the  soils  examined,  in  some 
cases  the  su))soil  being  practically  pure  gypsum.  This  often  acts  as  a 
cementing  nmterial,  uniting  the  tiner  soil  grains  into  aggregates  which 
give  the  soil  a  much  more  sandy  appearance  than  would  be  suspected 
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from  the  results  of  mechanical  anal^'ses.  The  data  afforded  hy  a  nimi- 
ber  of  analyses  are  given  below. 

The  natural  fertility  of  these  sandy  soils  is  not  great.  They  are 
almost  devoid  of  organic  matter  and  after  a  few  years  of  cultivation 
need  fertilizing.  This  is  supplied  hy  the  Arabs  in  the  form  of  iiiaiitine 
from  donkeys,  sheep,  and  camels.  The  soils  of  the  date  orchards  that 
have  been  planted  b}-  the  two  French  companies  are  also  fertilized. 

The  following  table  gives  the  results  of  mechanical  analyses  of  a 
number  of  samples  of  soil  collected  in  the  Oued  Rirh  region  of  the 
eastern  Sahai-a.  Chemical  analyses  have  not  been  (»rried  further  than 
a  determination  of  the  water-soluble  material. 

Tablk  S. — Mevhanictd  mmlyaei^  of  soil*  from  the  Oued  Rirh  reffion  in  tht  Snhdrti  Dearrt. 
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18.98 
21.42 
49.80 
'29.90 
36.40 
SS.66 
40.94 
37.98 
45.92 
33.59 
Si -27 

:«).9i 

29.82 
32.53 
34.40 
3-2.60 
•26. 42 
18. 40 
17.48 
•20.24 
39.10 
30.94 

31.26 
2^.-10 

76811 

Ourlaiia  nalm  orchard 

9.  IC 

7(i84 

Subsoil  of  7683 

9.98 

7685 

do 

9.  U 

7665 
7666 

Ourlana  amtmg  IS-year-old  palms. 
Subsoil  of  7665 

H.US 
11. S4 

7667 
76<'>8 

Tougourt  amid  good  alfalfa 

Subsoil  of  76(»7 

12-56 
12. 1-2 

76()9 

Touifourt  amid  alfalfa 

24. 01 

7670 

Subsoil  of  7669 

20-15 

7671 

ToufiTourt  amid  alfalfa 

'..•2. 41 

7672 

Subsoil  of  7671 

2S.7I 

7673 

Ta-bes-bes  Oaais 

35.55 

7674 

Subsoil  of  7678 

:to.  14 

7676 

Kuda  Asli  OasiB 

1«.22 

7677 

Subfloll  of  7676 

'28,39 

7678 
7679 

Dune  sand,  Iwrderof  Djadja  Cholt 
Oasis  of  Zola  de  Teinacin 

7.6s; 
9.04 

7680 

Subsoil  of  7679 

J*  8-J 

liVKl 

Oanis  of  Zoia  de  Temacin 

5  in 

76S2 

Subsoil  of  7681 

10.0) 

SALINE  SOILS. 

As  in  all  arid  countries,  particularly  where  irrigation  is  pi-acticed, 
saline  soils  are  an  important  factor  in  the  agriculture  of  Algeria. 
Extensive  areas  of  the  most  fertile  land  of  the  colony  have  been 
injured  by  an  excess  of  salts,  and  the  alkali  pix)blem  is  to-day  one  of 
the  most  serious  which  confronts  the  Algerian  farmer.  Drainage  is 
not  generally  practiced  by  the  colonists  in  their  large  irrigation  dis- 
tricts, and  the  lack  of  it  has  been  the  cause  of  a  great  deal  of  damage. 
On  the  other  hand,  the  natives  of  the  Sahara  show  the  utmost  inge- 
nuity and  skill  in  managing  salty  soils  and  in  irrigating  with  saline 
waters.  There  is  much  in  the  methods  practiced  b}'  these  people  that 
should  interest  the  American  farmer  and  that  could  be  imitated  bv 
him  with  profit. 
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C0A8T  BEOION. 


TVie  1ittoi*ai  zone  of  the  coast  region  coniprises  very  little  alkali  or 
line  land.  A  few  areas  of  salt  marsh  occur  along  the  shore,  but  not 
uch  has  lieen  done  toward  their  reclamation. 
The  most  extensive  areas  of  salt  soil  in  the  coast  region  are  those 
found  in  the  great  valleys  and  plains.  Certain  of  these  areas  have 
ci^cisted  for  a  long  time.  Others,  including  some  of  the  most  serious, 
bsive  been  developed  under  irrigation  within  the  last  fifty  years.  The 
iTK^ost  important  tracts  of  salt  land  seen  by  the  writers  were  near  the 
t:owns  of  Kelizane  and  Perregaux,  in  the  Department  of  Oran. 

At  Kelizane  the  area  covered  by  the  irrigation  systems  amounts  to 

ct.bout  20,000  acres.     As  the  water  supply  very  frequently  falls  far 

««hort  of  the  amount  necessary  for  the  irrigation  of  this  large  area,  part 

of  the  land  is  ordinarily  lying  idle.     The  irrigation  of  surrounding 

fields,  together  with  seepage  from  the  canals  and  laterals,  has  so  raised 

"the  water  table  in  this  uncultivated  land  as  to  permit  a  constant  upward 

movement  of  the  water  })y  capillary  force.     The  result  has  been  that 

ssalts  which  were  formerly  confined  largely  to  the  subsoil,  or  which 

bave  been  carried  into  the  soil  by  subirrigation,  have  risen  to  the  sur- 

:face  and  have  accumulated  there.    The  same  process  of  accumulation  of 

salts  in  the  upper  layers  of  the  soil  has  caused  serious  damage  in  many 

parts  of  western  North  America.     Around  Kelizane  the  old  story  has 

been  retold  that  land  once  fertile  and  producing  luxuriant  crops  is 

to-day  bare  of  everything  but  a  few  stunted  salt-loving  weeds.     The 

remains  of  irrigating  laterals,  fences,  and  houses  alone  show  that  the 

land  has  ever  been  farmed. 

At  Perregaux  a  similar  state  of  affairs  i)revails,  })ut  a  much  larger 
area  is  affected.  The  salt  land  (Havers  an  extonsi\  e  tract  in  the  lower 
part  of  the  valley  and  includes  fields  that  a  few  years  ago  were  highly 
productive.  A  few  attempts  at  reclamation  have  been  ma(l(%  and 
some  excellent  fields  were  seen  which  were  said  to  have  been  badlv 
saline  at  one  time;  but  no  large  areas  have  been  improved. 

The  soil  and  other  conditions  of  saline  areas  in  the  irrigated  districts 
of  Algeria  have  no  important  peculiarities  which  distinguish  them  from 
similar  localities  in  America.  The  salts  are  generally  '"  white  alkali,"' 
i.  e.H,  salts  of  sodium  (other  than  the  carbonate),  magnesium,  and  lime. 
Chemical  analyses  of  samples  of  these  soils  tiiken  by  the  writers  are 
given  on  page  46.  The  predominant  salts  are  of  the  ''  white  alkali*" 
type,  common  salt  (sodium  chlorid)  being  the  most  abundant.  Very 
little  ''  black  alkali "  (sodium  carbonate)  has  been  found  in  the  coast 
region  of  Algeria. 

The  question  of  salt  land  in  Algeria  has  been  discussed  in  a  recent 
publication  by  Dugast,  who  devotes  particular  attention  to  the  damage 
that  has  been  wrought  in  the  vineyards  of  western  Algeria  by  the  rise 


44  AGRICULTURAL   EXPLORATIONS    IN    ALGERIA. 

of  salts  in  the  soil.     We  may  be  excused  for  quoting  at  some  len^h 
from  this  author." 

It  is  Hea  salt — that  is,  true  salt — that  iH  generally  found  in  Algeria,  but  luMjsneaiuuA 
aaltfi  have  also  l)een  found  in  several  vineyanli«.  As  for  the  alkali  salt^i,  ar  ''hUu-k 
alkali/'  we  have  not  yet  come  across  them.  They  prol>ably  appear,  h<»we«er«.  «hen 
drcuinstances  favorable  to  their  fonnation  exij«t.  *  *  *  But  if  their  exisstence  15 
transient,  if  washing  does  not  take  place  to  separate  them  from  the  other  }«i]is,  it  i? 
difficult  to  determine  their  presence.  —— - 

In  187H  Pichard  called  attention  to  the  presence  of  carlx>nate  of  sodium  in  isevf  nd 
waters  in  Oran  Dei)artment,  accompanied  by  sulphates  of  soilium  and  calcium  aihI 
chlorids  of  calcium  and  magnesium,  sometimes  by  small  quantities  of  alkali  nitrates 
and  traces  of  ammonium  salte.  These  waters  give  an  alkaline  reaction  and  c<iiitain 
from  0.2  gram  to  20  grams  of  sodium  carbonate  per  liter. 

While  the  Halt  is  directly  harmful,  it  is  also  indirectly  injurious  by  hindering  tht* 
nitrifiiration  of  the  nitrogenous  matter  existing  in  the  soil  or  added  t4>  it  by  uianure. 
Hence  it  interferes  wnth  the  alimentation  t)f  plants. 

In  vineyards  salt  manifests  itself  in  spoU^  which  differ  in  aspect  according  as  they 
are  old  or  new.  When  the  salt  is  in  small  quantities  in  the  soil,  or,  rather,  when 
the  soil  still  contains  a  considerable  proportion  of  water,  or  when,  again,  the  salt 
reaches  only  a  part  of  the  zone  of  soil  occupie<l  by  the  roots,  the  si>ots  are  (*hanu^ 
teriz€Hl  by  a  simple  wilting  of  the  vegetation. 

At  other  times  the  daiiiage  caused  by  the  salt  is  sudden  and  much  more  pn^ 
nounced.  The  places  attacked  then  take  the  form  of  circular  spots.  The  branclie5<i 
of  the  vines  that  bear  grapes  lose  their  leaves  and  dry  up,  and  the  grape^^  tlo  not 
reach  complete  maturity. 

In  1898  and  in  1899,  at  the  time  of  our  visit  [to  the  vineyards  of  Oran  De^iartineiit], 
we  saw  numerous  spots  presenting  these  characteristics.  Suchs^wts  were  ociiipit-*! 
by  vines  loaded  with  grapes,  but  the  branches  had  completely  lost  their  leaves.  .\II 
around  them  the  vines  were  green  and  were  well  loaded  with  a  gocni  crop  of  grafw^. 

In  the  older  spots,  which  are  sometimes  very  extensive,  miM?t  of  the  vines  are 
dead.  We  find,  however,  here  and  there,  some  vines  that  have  resinteii  the  salt  am] 
have  l)een  able  to  put  out  l>adly  develope<l  branches  bearing  a  few  grain's  of  ]>«ki»r 
quality.  The.Me  old  si>ot8,  although  due  to  salt,  nmch  resemble  those  caui^ed  by 
phylloxera. 

The  reclaiming  of  salt  land  is  difficult  to  accomplish  in  Algeria.  The  rainfall  L** 
always  insufficient  to  bring  alnrnt  nn^lamation,  and  the  supply  of  irrigation  water  is 
also  sc^anty. 

For  the  present  we  must  try  to  get  along  with  the  salt,  doing  our  \ye»t  to  prevent 
its  Incoming  too  injurious.  This  can  he  done  by  working  the  soil  to  a  <lepth  of  20 
inches,  so  that  the  rain  water  can  be  stored  in  that  depth  of  the  soil.  In  this  way 
the  fresh  water  can  be  prevented  from  penetrating  sufficiently  deep  to  dissolve  the 
salt  and  by  its  presence  it  restrains  the  salt  from  rising.  It  is  necessary,  of  course, 
by  superlicial  cultivation  to  break  up  the  capillarity  of  the  soil,  so  as  to  reduce  evap- 
oration to  a  minimum. 

Drainage  ditches  can  also  be  used  in  certain  lands  for  carrying  off  the  salty  water 
of  the  lower  depths  of  the  soil.  Ditches  can  also  \ye  used  in  certain  cases  to  prevent 
the  invasion  of  new  land  by  the  sheet  of  salt  water. 

Saline  soils  of  purely  natural  origin  are  found  in  and  near  the  chottd 
which  occupy  depressions  and  receive  the  drainage  of  the  surrounding 
land.     In  such  places  salt  has  been  accumulating  through  long  ages. 

«  Agrologie  de  l'Alg«5rie,  1900,  pp.  56,  58,  59,  71,  72,  77,  78,  80,  81,  89,  90. 
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In  tVie  dry  season  the  bottom  of  the  basin  is  coveted  with  a  crust  of 
isalt^  in  some  cases  of  sufficient  thickness  to  make  its  exploitation  profit- 
»blc-  In  the  wet  season  this  giv^es  place  to  a  shallow  lake  of  salt  water. 
A  iiufikber  of  such  chotts  occur  near  the  coast  in  western  Algeria. 
Th€>^  writers  visited  one  large  salt  lake  near  Arzeu  and  another  near 
Oran-  At  the  Salines  d'Arzcu  great  quantities  of  commercial  salt  are 
prej^ared.  These  chotts  correspond  to  similar  salt,  soda,  and  ''playa" 
lakes  of  Utah,  Nevada,  and  other  western  States. 

Many  salt  lakes  also  occur  in  the  high  plateau  region.  In  the  eastern 
part  of  the  Sahara  the  chotts  cover  extensive  areas  south  of  Tunis  and 
of  the  Department  of  Constantine.  There  they  are  below  sea  level, 
and  the  country  around  them  is  very  hot  and  dry. 

DE8EKT  BEOION. 

The  saline  soils  of  the  Oued  Rirh  region  in  the  Sahara,  so  far  as  they 
were  examined  by  the  writers,  generally  contain  a  large  amount  of 
gypsum,    (v'-'ee  p.  46.)    Sodium  chlorid  and  sodium  sulphate  are  the  next 
most  abundant  salts,  while  magnesium  salts  are  present  only  in  small 
quantities.     The  Saharan  soils  are  usually  of  very  light  texture,  and 
their  proper  irrigation  demands  large  quantities  of  water.     The  water 
used  contains  a  high  percentage  of  soluble  matter.     Consequently, 
where  proper  drainage  facilities  have  not  been  provided,  the  salt  has 
accumulated  in  the  soil  to  an  injurious  degree.     Yet,  by  digging  open 
drains  H  feet  deep  at  frequent  intervals  and  irrigating  once  a  week 
or  oftener,  the  natives  of  the  Sahara  are  able  to  maintain  gardens  con- 
taining a  variety  of  plants  not  particularly  resistant  to  salts  in  the  soil. 
More  than  this,  using  strongly  saline  water  (see  p.  38)  they  are 
able  to  reclaim  land  that  contains  an  excessive  amount  of  salts.     The 
writers  visited  a  garden  which  had  been  established  on  the  slope  of 
the  bed  of  a  salt  lake,  in  which  alfalfa,  various  garden  vegetables,  and 
a  variety  of  j^oung  fruit  trees  were  flourishing.     The  reclamation  of 
this  piece  of  land  had  been  accomplished  in  three  years  by  irrigating 
twice  a  week  during  that  period. 
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Table  9. — Chrmical  nitalij)*ex  of  mline  or  '*fi/A-aii"  foilxfrom  Algrna. 


o 


7668 
7659 
76H5 
7666 
7667 
7668 
7669 
7670 
7671 
7672 
7673 
7674 
7675 
7676 
7677 
7679 

76MO 
76X1 

7(W2 
7683 
7684 

7685 
7686 
7687 


Locality. 


Ri'liaiiie,  3  miles  NW 

do 

Ourlann,  among  13-year-old  palron 

do 

Toiiffourt  (hiKiR.  amid  good  alfalfa 

I ao 

I  Tougoiirt  OaHiH,  amid  poor  alfalfa 

1  Tougourt  Oai^is,  amid  yellowing  alfalfa. 

Ta-l)e8-l>e8  Oasis,  amid  alfalfa 

I do 

I  Kuda  Oasis 

I  Kuda  Asli  Oa.sis,  amid  good  alfalfa 

do 

'  Zoia   de  Temaein  Oasin,  amid   good 

I      alfalfa 

do 

Zoia  de  Temacin  Oasis,  amid  yellow- 
ing alfalfa 

Ourlana,  among  20- year-old  palms 

, do .' 

do 

!  Ourlr,  among  palms 

; do 


0-24 

0-1 

0-12 
12-36 

0-12 
12-24 

0-12 
12-24 

0-12 
12-24 

0-12 

12-24 

Crust. 

0-12 
12-24 

0-12 
12-24 

0-12 
12-24 

0-12 
12-86 
36-54 


9 


an—'     Z 


7.28 
2.41 
23.27 
23.46 
23.81 
25. 2:^ 
23.90 
24.71 
23.  ri 
24.67 
20.27 
19.11 
.«> 
16.03 
19.75 

22.83 
24.00 

22.72 
24.01 
23.38 
26.08 
23.06 


4.53 

12. 15 

.91 

.49 

.89 

I     .66 

.88 

I     .58 

1.13 

.68 

1.61 

i.K; 

.66 
3.27 
1.96 

I  1.21 
1.05 

.97 

1.17 

1.04 

.98 

.99 


3.08 
1.10 
1.92 
2.24 
1.K2 
1.61 
1.82 
1.76 
1.68 
1.93 
2.10 
1.94 
.'29 
4.47 
2.49 

1.56 
.76 

1.94 

1.48 

.92 

.85 

.99 


•2 


18.48 
15.83 
4.77 
4.33 
3.52 
2.63 
3.28 
2.M 
3.90 
2. 86 
1.34 
7.84 
37.03 
6.86 
6.03 

4.51 
3.92 

4.90 
3.33 
5. 15 
2.15 
4.92 


SOL, 

o.— ■ 

'-■ c 

P«  mm* 

DC  ej 

27.31 
9.70 
5f9.13 
65.30 
66.22 
65.96 
66.49 
66.69 
6LS5 
66.28 
61.38 
61.13 
3.82 
5a  18 
61.83 

63.90 
65.30 

61.66 
64.79 
59.47 
64.97 
63.74 


0-12  I  16.78     4.11  I  1.77     10.89  I  24.18 


12-26     23.84  1  1. -20  '  1.16       3.90     62.10 


c 

_C 

34.22 
56.  Ni 
h.35 
2.09 
1.87 
l.J<7 
1.24 
1.26 
6.46 
1.76 
4.96 
J».27 
56.99 
7.96 
4.79 

4.02 
2.95 

5w08 
3.60 
8..'»4 
2-82 
8.71 
41.36 
.5.81 


v2 

— '"o 

a.  10 

1.95 
1.65 
!.» 

i<: 

2.14 
2.S 
2.16 

1.76 

i.as 

3.34 

I-W 

.65 

S.2S 

3.15 

1.97 

2.ce 

2.73 
1.62 
1.50 
2.  IS 
2. 59 
1.02 
1.99 


Table  10. — Conventional  comhinaliojut  of  ihr  data  in  Table  if. 


No.  of 


Magne- 
'siumsul- 


Percent    Calcium 

<>«»..^i^  ,  soluble   sulphate  ,    ^i,„»^ 
sample. I  ^«,,„-  ,    pjon  ^   '    phate 
I  »"«t»*^r.    vChSO^).    (]{|pS04). 


7658 

2.47 

24. 78 

12. 31 

7659 

6.14 

8.17 

4.91 

7665 

4.36 

79.23 

4.03 

7666 

4.02 

79.69 

2.44 

7667 

4.49 

80.88 

4. 42 

7668 

4.48 

85.69 

3.:jo 

7669 

4.50 

81.24 

4.39 

7670 

4.43 

84.89 

2.89 

7671 

4.76 

80.61 

.5.58 

7672 

4. 62 

83.75 

3.42 

7673 

3.26 

68.89 

7.93 

7674 

3.39 

64.97 

7,55 

7675 

92. 93 

1.91 

3.07 

7(i76 

1.S3 

54.42 

16.03 

7677 

H.  05 

67.01 

9.(V( 

7679 

4.87 

76.64 

6.03 

7680 

4.72 

81.65 

5.19 

7(Wl 

3.50 

77.01 

4.79 

7682 

4.44 

81.64  I 

.5.54 

7683 

4.77 

79.48 

4.19 

7(i84 

4.46 

87.17 

4.87 

76X5 

4,63 

78.37 

4.92 

76M«; 

6.99 
4.82 

34.20 

80.99 

7687 

5. 93 

Magne 

slum 

chlorid 


Potas- 
sium 
chlorid 


Sodium 
chlorid 


Sodium 
bicarbo- 
nate 


Sodium       Other 
sulphate ,  constitu- 


(MgCI,).    (KCl).    ^^'"^'^>l(NaHCO,).l^^*=^^«>*      ^^^ 


7.93 

43.78 
.18 


16 


.79 


16.13 


5.99 
2.11 
.3.67 
4.23 
3.  .56 
2.90 
2.  .57 
2.66 
3.19 
3.70 

4.a^ 

3,71 
.55 

4.72 
2.95 
1.43 
3.71 
2.83 
1.76 
1.61 
1.90 
3. 37 
2. 20 


1   41.95 

38.36 

10.65 

.15 

.32 

.80 

8.19 

5.03 
5.72 

98.42 
6.43 
4.20 
4.35 
3.76 
5.48 
8.69 

11.73 
3.40 
4.62 

26. 55 
7.85 


7. 
2. 
2. 

2, 
<> 
•1 

2. 
2. 
2. 
2. 
4. 
4. 

7! 
4. 
2, 
2. 

3! 
2. 
2. 
2. 
3. 
1. 
2. 


04 
67 
24 
88 
58 
94 
17 
21 
43 
50 
58 
36 
89 
19 

:i3 

71 
78 
76 
20 
05 
95 
5^1 
40 
74 


10.61 
K.24 
4.37 
8.35 
6.95 


6.63 

9.M 

13.69 


7.43 
10.10 
6.32 
5.19 
5.25 
4.10 


6.65 


29 


a  1. 28 
♦•.90 


fcl8.35 


a  Potassium  bicarbonate  (KHCO3). 


6 Calcium  chlorid  (Cat^,). 


SOIL    MANAGEMENT. 


ROTATIONS. 


In  the  gi-ain-producing  districts  of  Algeria  the  rotation — if  it  can  be 
called  .such  commonly  followed  consists  of  a  year  (winter)  in  a  ceix«l 
crop  followed  by  a  year  of  fallow.     In  other  words,  the  land  lie^  idle 
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PT  s=iixteen  or  eighteen  months  out  of  twenty-four.  This  system  was 
>  I  lowed  by  the  ancient  Greeks  and  Romans,  and  is  still  in  vogue 
r^iofig  their  descendants  in  the  Mediterranean  region.  It  is  to  be 
•mmended  only  for  countries  where  the  rainfall  and  the  supply  of 
gating  water  are  too  scanty  to  permit  rotation  with  a  soil-restoring 
<\y  and  where  manure  can  not  lie  had  in  any  considerable  quantity. 
>vx^-h  is  the  case  in  the  most  important  cereal -growing  districts  of 
;eria.  A  larger  net  profit  is  often  obtained  from  2  acres  of  grain 
nag'cd  in  this  way  than  from  1  acre  that  is  heavily  manured.  If 
:p  and  thorough  plowing  is  included  in  this  method  of  handling  the 
tsoii,  the  benefit  to  the  land  that  would  accrue  from  the  use  of  another 
ci-op  in  rotation  can  be  partly  compensated  for. 

;No  leguminous  crop  has  yet  been  found  which  can  be  profitably 
g-i-own  on  a  large  scale  in  Algeria  in  rotation  with  wheat  and  barley. 
The  scarcity  of  irrigating  water  is  chiefly  responsible  for  this  condi- 
tion, and  wherever  water  is  abundant  the  question  of  rotation  ceases  to 
Vm*  a  troublesome  one.     In  that  case  a  crop  of  horse  beans  or  vetch — 
or,  if  manure  is  obtainable,  of  beets,  potatoes,  or  tobacco — followed 
^>y  two  crops  of  grain  is  found  to  make  a  satisfactory  rotation. 

FEKTILIZEB8. 

Whatever  may  have  been  their  natural  condition,  the  cropping  of 
Algerian  soils  for  thousands  of  3'ears,  often  without  intelligent  effort' 
to  conserve  their  fertility,  has  resulted  in  greatly  impoverishing  them. 
In  large  areas  the  soil  is  low  in  phosphates  and,  to  a  greater  or  lesser 
extent,  in  nitrogen.  Potash,  on  the  other  hand,  is  generally  suffi- 
ciently abundant.  In  the  coast  region  much  of  the  soil  can  be  bene- 
fited by  liming. 

During  the  first  few  years  after  the  French  conijuest  no  particular 

attention  was  paid  to  questions  of  fertilizers  and  of  rotation.     Soon, 

however,  imder  the  influence  of  the  more  intensive  farming  practiced 

by  Europeans,  the  yield  of  crops  began  to  diminish,  and  it  became 

necessary  to  look  for  a  remedy.     In  the  littoral  zone  of  the  coast 

region,  where  there  is  intensive  cultivation  of  market  gardens,  orchards, 

and  vineyards,  the  use  of  farm  manure  and  of  commercial  fertilizers 

has  become  general.     In  189f)  the  annual  consumption  of  Algerian 

phosphates  alone  in  the  colony  had  reached  8, (MM)  tons.     In  1900  the 

total   quantity  of  mineral  fertilizers  applied  yearly   to  the  soils  of 

Algeria  was  estimated  at  15,000  tons.     The  use  of  mineral  fertilizers 

is  limited  almost  entirely  to  the  littoral  zone. 

I  In  the  large  valleys  of  the  coast  region,  where  vineyards  and  fields 

of  grain  cover  extensive  areas,  it  is  estinmted  that  not  one-twentieth 

of  the  total  amount  of  cultivated  land  is  giv^en  any  fertilizer  whatever. 

I       The  supph^  of  farm  manure  is  exceedingly  scanty,  as  the  absence  of 

cultivated  forage  crops  prevents  the  raising  of  many  cattle.     Where 
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farm  manure  is  obtainable  it  is  thought  to  be  more  beneficial  than  anj 
eommercial  fertilizer,  since  Algerian  soils  are  often  deficient  in  organic 
matter  and  manure  has  a  very  beneficial  physical  effect  upon  them. 
It  is  considered  good  practice  to  apply  manure  in  the  autumn,  after  a 
year  of  fallow,  thus  obtaining  an  abundant  crop  of  wild  forage  the 
following  winter.  Grain  is  then  grown  during  the  second  and  third 
winters  after  the  application  of  manure. 

PBEPAKATIOH   OF  THE   LAND. 
CLEARING   AND   LEVELING. 

In  the  coast  region  some  of  the  best  land  is  still  covered  with  a  dense 
growth  of  brush,  comprising  lentisk,  jujube,  heath,  broom,  and  other 
characteristic  shrubs  of  the  Mediterranean  region.  This  shrubby 
vegetation  is  luxuriant  in  proportion  to  the  depth  and  fertility  of  the 
soil.  Its  removal  generally  costs  about  $16  an  acre.  In  the  neig'hbor- 
hoo<l  of  cities  this  expense  can  partly  be  met  b}'  the  sjile  of  the  wood 
removed  and  of  charcoal  made  from  it.  It  costs  still  more,  from  |»:^> 
to  1^24  an  acre,  to  clear  land  which  bears  a  heav}^  growth  of  dwarf 
palm,  a  deep-rooted  plant  that  still  covers  extensive  areiis  in  Algt^ria. 
The  roots  of  the  palms  can  be  loosened  by  means  of  a  steam  plow,  and 
then  removed  with  a  pick.  In  the  work  of  clearing  land,  S{)anish, 
Morocciin,  and  Kabyle  laborers  are  most  expert. 

Leveling  is  done  with  scrapers,  which  are  generally  drawn  by  horses. 
The  average  expense  of  leveling  an  acre,  if  two  men  and  three  animals 
are  employed,  is  about  $8. 

PI>OWIN<3. 

The  Arab  plow,  generally  used  in  Algeria,  has  the  foi'ward  part 
supported  directly  by  the  yoke  or  harness  of  the  animal  which  draws 
it,  while  the  working  part  is  limited  pra^'tically  to  the  share.  The 
Kabyle  plow  consists  of  two  pieces  of  wood  (often  the  forked  branch  of 
a  tree)  meeting  at  nearly  a  right  angle,  the  upright  piece  being  shaped 
so  as  to  serve  as  a  handle,  while  to  the  horizontal  pie<'e  the  iron  share 
is  fastened.  Two  wooden  projections  at  the  end  of  the  horizontal 
piece,  just  above  the  share,  serve  to  widen  the  furrow  that  is  made. 
The  beam  is  fastened,  by  means  of  a  peg,  into  the  angle  made  by  the 
two  pieces.  One  end  of  the  beam  is  fastened  by  a  strap  directly  to  the 
wooden  yoke  of  the  animal  which  draws  the  plow.  One  man  works 
the  plow,  driving  the  animal  with  one  hand  and  holding  the  handle 
with  the  other.  The  instruments  used  by  the  natives  break  up  the 
soil  only  to  a  very  small  depth.  Among  the  European  colonists 
improved  modern  plows  are  now  coming  into  use.  On  the  largest 
farms  steam  plows,  operated  by  two  16-horsepower  engines,  are  some- 
times used.     In  some  of  the  larger  towns  steam  plows  can  l)e  hired. 


GENERAL    ECONOMIC    CONDITIONS.  49 

*or  cultivating  vineyards,  American  ^ang  j)low.s  are  preferred.     The 
s;o  i>f    the  disk  harrow  is  widesi)read. 

Ill  i>reparing  for  a  crop  of  cereals  the  land  is  jj^enerally  not  {)lowed 

Lit  til    fall.     This  is,  however,  a  bad  practice,  for  if  there  are  heavy 

•»ins    early  in  the  autumn  the  land  is  sometimes  too  wet  to  permit 

>f    \>lc>wing  before  the  first  of   the  year.     If,   on  the  contrary,  the 

i-:iins  are  unusually  late,  the  soil  may  be  too  dry  and  hard  to  make 

L*arly  plowing  possible.     In  consG(iuence,  the  crop  is  sown  late  and  is 

often    dried  up  by  the  hot  winds  of  late  spring  and  early  summer. 

Spriiij^  plowing  in  preparation  for  a  wintei*  crop  is  therefore  highly 

x-econinicnded  by  the  best  authorities.     It  is  pointed   out   that  as  a 

rc^sult  of  this  practice  the  soil  loses  Icvss  moisture  during  the  summer 

fallow,   besides  being  in  excellent  condition  to  absorb  the  first  rain 

that  falls  upon  it  in  the  autumn.     It  is,  indeed,  advisable  to  keep  the 

surface  of  the  soil  in  a  well-pulverized  condition  at  all  times  when 

there  is  no  crop  in  the  land. 

Deep  plowing  is  found  to  have,  up  to  a  certain  point,  the  same 
etTect  as  rotiition  and  the  use  of  fertilizers.  Beyond  that  point,  how- 
ever, the  yield  of  crops  will  diminish,  no  matter  how  thoroughly  the 
land  is  plowed,  unless  some  other  means  is  taken  to  restore  the  fertility 
of  the  soil.  At  Setif  good  cultivation  is  made  to  take  the  i)lace  of 
U'rigation,  and  excellent  crops  of  cereals  and  of  leguminous  food  and 
foiiige  plants  are  produced  without  artific^ial  watering. 

In  preparing  land  that  is  comparatively  flat,  jn  order  to  establish 
inai^ket  gardens,  vineyards,  and  orchards,  it  has  l)een  found  that  a 
steam  plow,  turning  the  soil  lo  a  depth  of  from  20  to  24  inches,  can  be 
used  to  advantage.  In  lieu  of  this  an  ordinary  ])low,  followed  by  a 
Kubsoiler,  will  answer  the  purpose.  On  hillsides  that  are  too  steep  for 
the  plow  the  soil  is  looseiuul  with  picks,  usually  to  a  dei)th  of  from 
•24  to  28  inches.  The  expense  of  preparing  an  acre  in  this  way  averages 
about  $50.  Sometimt\s  the  pick  is  also  used  for  loosening  the  soil  in 
orchards  where  the  trees  are  s(»t  very  close  together  and  in  market 
gardens.    The  plow  used  in  market  gardens  is  generally  a  very  light  one. 

genj;bal  economic  conditions. 

HISTORICAL  AND  POLITICAL. 

i 

According  to  the  census  of  isiMI,  the  poi)ulation  of  Algeria,  exclud- 
I       iiig  the  army,  was  4,.S<)(),0()0,  of  which  8*)  per  cent  was  Mohammedan. 

The  great  im])ortance  of  agriculture  is  shown  by  the  fact  that  four- 
'       fifths  of  the  inhabitants  live  bv  farminij  or  bv  raising  animals,  almost 

the  whole  of  the  native  population  being  thus  employed.  The  total 
I       area  now  under  French  dominion  is  about  150,000  s(|uare  miles,  but  a 

large  proportion  of  this  area  is  a  barren  desert,  without  water  for 
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irrigation.  An  area  of  3,460,000  acres,  including  most  of  the  be< 
arable  land,  is  held  by  European  colonists  while  about  17,29<»j.»«' 
acre^  i«  still  the  property  of  natives.  The  remainder,  including  lar|:e 
forested  areas  and  vast  tracts  of -steppe  covered  with  alfa  pra?^,  is 
government  land.  There  is  one  inhabitant  to  ever\^  17i  acre>  of  land 
belonging  to  Europeans,  and  one  inhabitant  to  every  5  acres  held  by 
natives. 

California,  with  an  area  slightly  exceeding  that  of  Algeria  (15*i,0i>»» 
square  miles),  has  a  population  of  about  1,500,000.  The  comhineil 
populations  of  Arizona,  California,  Colorado,  Montana,  Nevada,  New 
Mexico,  Oregon,  South  Dakota,  Utah,  Washington,  and  Wyomin<j 
about  equal  that  of  Algeria.  The  traveler  in  Algeria  does  not,  how 
ever,  get  the  impression  that  the  colony  is  well  populated.  On  the 
contmry,  it  seems  a  new  country,  and  capable  of  far  greater  agricul- 
tural development  than  has  yet  been  attained. 

LAKD  VAIiUES. 

In  a  country  like  Algeria,  where  climate,  soils,  and  <'rops,  not  to 
speak  of  means  of  comnmnication  and  nearness  to  large  commercial 
centers,  vary  so  much  in  different  regions,  it  is  extremely  difficult  to 
generalize  as  to  the  value  of  the  land.  Within  20  miles  of  large  towns, 
where  there  are  good  facilities  for  transportation  by  road  or  by  rail- 
way, the  best  land  is  worth  from  $25  to  $70  an  acre.  In  proportion 
as  remoteness  from  important  centers  and  difficulties  of  communication 
increase,  the  value  diminishes  to  $1B  or  less. 

An  acre  in  vines  near  Algiers,  a  region  unaffected  by  phylloxera, 
is  worth  from  $80  to  $280.  Orchard  and  truck  land  well  supplied  with 
artesian  water  sells  for  from  $80  to  $1G0,  and  the  best  market-garden 
land  near  Algiers  at  very  much  higher  prices,  sometimes  as  much  as 
$230.  Orange  groves  in  full  bearing  are  worth  from  $480  to  $644)  per 
acre.  Olive  orchards,  in  land  of  good  quality  but  not  capable  of  irri- 
gation, range  in  value  from  $80  to  $240  per  acre.  An  acre  of  tig  trees 
is  valued  at  $115  to  $230.  Facilities  for  irrigation,  of  course,  cnhan<*e 
these  values. 

FAKM  liABOB. 

The  great  bulk  of  the  farm  work  in  Algeria  is  done  by  the  native 
population— Arabs  and  Kabyles  -either  in  the  employ  of  HLuropean 
colonists  or  working  for  themselves  on  land  they  own  or  rent.  The 
Kabyles,  among  whom  the  native  agriculture  of  Algeria  has  i-eached 
its  highest  development,  are  generally  more  industrious  and  mon» 
skillful  laborers  than  the  Arabs. 

Particularly  in  the  littoral  zone  of  the  coast  region,  wheie  the  Kun)- 
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pean  population  is  den.sest,  much  of  the  labor  in  vineyards,  orchards, 
and  market  gardens  is  performed  by  immigrants  from  southern  France, 
Spain,  Ital}',  the  Balearic  Islands,  and  Malta.  In  all  those  countries 
agricultural  conditions  resemble  to  a  greater  or  less  extent  those  pre- 
vailing along  the  African  shore  of  the  Mediterranean. 

The  wages  paid  native  laborers  vary  accoixling  to  the  locality,  the 
season,  and  the  nature  of  the  crop  grown.  Wages  to  natives  are 
highest  along  the  coast,  where  a  day's  lalx)r  in  summer  commands 
from  28  to  38  cents.  Farther  inland  the  wage  varies  between  24  and 
28  cents.  Harvest  labor  performed  in  the  usual  fashion,  with  a  sickle, 
is  paid  at  the  rate  of  about  45  cents  a  dsLy.  When  the  scythe  is  used 
from  65  to  75  cents  a  day  is  earned.  Laborers  are  sometimes  employed 
by  the  month,  receiving,  without  board,  $6.50  to  $7.50.  If  somewhat 
more  skilled  than  the  average  they  are  paid  as  much  as  $9.50  a  month, 
or  a  smaller  wage  is  given,  together  with  a  ration  of  about  2  pounds 
of  bread  daily,  and  each  month  2  quarts  of  olive  oil  and  a  few  pounds 
of  dried  figs  and  semolina.  For  tending  small  flocks  owned  by  Euro- 
peans the  native  receives  from  $1.50  to  $2.75  per  month  with  food,  or 
$2.75  to  $4.75  without  food.  The  emplo3^er  always  retains  half  of  the 
wage  agreed  upon  until  the  expiration  of  his  contract  with  the  shep- 
herd, as  security  for  the  proper  care  of  his  flock.  Men  whose  families 
live  in  the  neighborhood  are  found  to  be  the  most  trustworthy  laborers 
among  the  natives. 

European  workmen  are  more  intelligent  and  consequently  better  paid 
than  natives.  Their  wages  are  higher  in  eastern  Algeria  and .  in  the 
interior,  where  the  conditions  are  less  attractive  to  Europeans  than  in 
western  Algeria.  The  heavier  kinds  of  farm  labor,  if  done  by  immi- 
grants, fall  to  the  share  of  Spaniards  and  Italians.  French  laborers 
are  generally  engaged  in  such  work  about  the  orchards  and  vineyards 
as  requires  more  intelligence,  and  as  overseers  and  foremen.  The 
market  gardens  of  the  littoral  zone,  where  large  quantities  of  vege- 
tables are  grown  not  onl}'  for  consumption  in  Algeria  but  for  export 
to  Europe,  are  rented  and  farmed  for  the  most  part  by  Mahonnais 
(natives  of  the  Balearic  Islands)  and  by  Maltese. 

Unskilled  Spanish  and  Italian  laborers,  working  by  the  day  and 
finding  their  own  provisions,  earn  from  45  to  55  cents  a  day  in  winter 
and  as  much  as  75  cents  a  day  in  sunnuer.  The  day's  work  in  winter 
lasts  nine  or  ten  hours,  with  an  hour\s  rest  at  noon.  In  summer  the 
workday  is  twelve  or  thirteen  hours,  but  with  two  hours'  intermission 
at  noon  and  a  quarter  of  an  hour  for  rest  in  the  middle  of  the  morning 
and  again  in  the  middle  of  the  afternoon.  The  same  kind  of  labor, 
if  employ^ed  by  the  month,  commands  from  $5.50  to  $11.50,  board 
included.  The  more  intelligent  French  laborers  naturally  receive 
much  higher  wages. 


AGBICUXTUBE   OF  THE    NATIVE    POFtrLA.TX0M. 
AHOHO  THE  ARABS. 

The  Arab,  aji  k  rule,  is  Inzy  ami  shows  little  skill  and  initiative  in 
his  fanning,  lie  worlis  only  to  keep  from  starving,  liis  anibilioD 
bcinji  satislied  as  soon  as  he  has  enough  to  keep  body  and  soul  toge(her. 
The  Arabs  of  the  coast  region  are  oliiefly  tillers  of  the  soil,  livinjr  in 
rude  huts  or  "gourbis,"  while  those  of  the  high  plateau  and  desert 
regions  arc  for  the  most  part  nomadie  shepherds,  dwelling  in  tents: 
but  both  pursuits— agriculture  and  .stock  raising^arc  often  conibintnl 
in  the  simie  fHmily. 

Agriculture,  a.-*  practiced  hv  the  Arab  who  has  not  been  infiuent-<-d 
by  European  mcthod.s,  is  of  the  simplest  desenption.  His  pluw  is 
made  with  a  few  strokes  of  a  hatchet  from  the  branch  of  a  tree,  and 
usually  has  no  metal  about  it.  Hitching  to  this  rude  instrument  a 
horse,  a  cjimcl,  or,  perchance,  his  wife,  he  merely  scratches  the  soil  in 
the  autumn  and  scatters  his  wheat  or  Itarley  seed.  He  then  goes  over 
the  Held  a  .second  time  with  a  plow,  covering  the  grain  to  a  depth  of 
3  or  4  inches.  After  that  is  done  he  folds  his  hand-s  and  wails  for  the 
crop  which  may  or  may  not  come,  sali.sfied  that  he  can  do  no  more 
and  that  the  result  is  in  the  hands  of  Allah.  In  the  spring,  before 
the  ground  has  dried  out,  he  puts  in  sorghum  or  Indian  corn  in  a.  siuii- 
Itir  fashion.  The  yields  of  grain  thus  obtained  are  naturally  scanty 
at  best,  while  in  dry  years  the  crops  sometimes  fail  entirely  and 
thei'e  is  much  suffering  among  the  Arab  population. 

In  better  soils,  esix>cially  where  a  little  water  can  l>e  had  without 
much  labor,  l>cans,  chiek-pejis,  and  melons  are  grown.  Near  streams 
the  Arab  often  has  a  small  orchai-d  of  lig.s,  pomegranates,  oranges,  awl 
ai>rieots,  or  a  vegetable  garden.  None  of  these  ci-ops  receive  any 
IMirticular  attention,  and  the  yield  and  tjuality  of  the  product  arc  gen- 
erally far  inferior  to  those  obtained  by  skillful  Euro[)ean  farmers. 

AKOira  THE  KASTLE8. 

The  Kabyles  belong  to  the  ancient  Berber  race  that  inhabited  north- 
ern Africa  before  it  was  eon«iuered  by  the  Aralis— Itefore  even  the 
Ciiithaginians  and  the  Ilomans occupied  the  country.  Nowadays  they 
are  confined  chicHy  to  the  mountainous  districts.  Their  principal 
territory  is  the  region  known  as  Great  Kabylia,  lying  between  the 
Djurdjura  range  of  mountains  and  the  sea.  Here  a  dense  ix>pulation  is 
crowded  into  a  comparatively  small  area,  much  of  which  is  .so  mountain- 
ous and  rugged  that  even  the-se  dauntless  farmers  can  not  make  crops 
grow  uixui  it.  Since  the  FiTnch  occupation  of  Algeria,  however, 
large  numlK-is  of  Kabylcs  have  left  their  mountain  fastnesses,  seeking 
work  a^  farm  laborers  in  the  valleyid  and  plains,  or  as  porters  in  cities. 
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Many  of  these  emigrants,  however,  spend  onl>"  a  part  of  the  year  in 
ttio  lowlands,  returning  home  with  their  savings  and  putting  in  the 
reist  of  their  time  cultivating  their  own  land.  Unlike  the  Arab,  the 
Kal>yle  is  a  patient  and  persistent  workman.  He  is  a  true  mountain- 
eor — frugal,  temperate,  and  hardy. 

It    is  astonishing  with  how  little  the  Kabyle  can  sustain  life.     He 
often  inherits  the  merest  patch  of  land,  or  only  a  single  tree — some- 
times only  a  branch  of  an  olive  tree  that  has  its  roots  in  another  man's 
land.      With  this  slender  patrimony  and  what  he  can  make  b^^  hiring 
Viis   labor  to  others,  he  supports  himself  and  his  family.     Now  that 
Kabylia    is   thoroughly  pacified  and   the   tribal  wars  that  formerly 
^w^aged  between  almost  every  two  neighboring  villages  have  ceased, 
there  is  a  much  larger  acreage  available  for  cultivation  than  was  form- 
erly the  case.     Every  inch  of  arable  land  is  put  into  crops.     Grain 
and  foi-age  plants  are  grown  in  the  river  valleys  and  lower  slopes,  tigs 
and  olives  on  the  steeper  hillsides. 

It  is  in  horticulture,  especially,  that  the  Kabyles  excel,  the  country 

they  inhabit  being  better  adapted  to  orchard  than  to  field  crops.     They 

are  ex])ert  in  grafting  and  other  horticultural  processes.     Olive  culture 

is  a  specialty  of  these  mountaineers.     P]very  year  they  graft  large 

numbers  of  scions  of  improved  varieties  upon  wild  trees,  and  thus  con- 

stantl}'  extend  the  area  of  their  olive  orchards.     Fig  trees  are  also 

planted  yearlj'^  in  large  numbers.     They  are  handled  with  great  skill, 

caprification  being  carefully  attended  to.     Of  olive  and  fig  trees,  as 

well  as  of  grapes  and  other  kinds  of  fruit,  there  are  a  number  of 

varieties  that  are  more  or  less  peculiar  to  Kabylia.     The  dried  leaves 

of  the  tig  and  the  twigs  of  the  olive  that  are  removed  in  pruning,  as 

well  as  the  leaves  of  the  ash  and  the  elm,  are  utilized  by  the  Kabyles 

as  forage  for  their  domestic  animals.     It  is  said  that  two-thirds  of  the 

population  of  these  mountains  depend  absolutely  upon  the  olive  and 

the  tig  for  subsistence.     Where  these  trees  are  present  there  are  three 

or  four  inhabitants  to  every  5  acres,  while  in  parts  of  Kabylia  where 

they  are  wanting,  from  5  to  7  acres  of  land  are  required  to  support 

each  person. 

The  Kabyles  do  not  raise  cereals  in  quantitv  suflicient  to  supply  their 
own  wants,  and  they  must  draw  upon  other  parts  of  the  colony  for 
gmin.  Flour  is  made  into  semolina  or  baked  in  an  earthenware  tra^^ 
into  a  sort  of  unleavened  bread.  Flour  made  from  beans,  nuts,  Indian 
corn,  and  sorghum  is  mixed  l)y  the  poorer  classes  with  barley  flour. 
Often  wheat,  barle}^  beans,, and  other  plants  are  grown  together  in 
the  same  field.  Fruits,  excepting  olives,  figs,  and  grapes,  are  gener- 
ally of  poor  quality,  although  apricots,  pomegranates,  peaches,  pears, 
apples,  and,  in  some  sheltered  valle^^s,  oranges  are  grown. 

Wheat,  barley,  and  beans  are  sown  in  the  autumn,  sorghum  and 
Indian  corn  in  the  spring.     Otherwise,  all  these  crops  are  handled  in 
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about  the  same  wa}'.  Plowing  is  done  with  oxen,  hitt'hed  to  a  rude, 
homemade  plow  of  very  ancient  pattern,  which  turns  up  the  soil  to  a 
depth  of  about  5  inches.  The  yoke  is  so  adjusted  that  the  steepest 
slopes  and  even  the  soil  about  the  roots  of  a  tree  can  Ik?  plowed.  A 
man  follows  the  plow,  lireaking  up  the  clods  with  a  pick.  Sowing  is 
done  by  band.  The  fields  arc  kept  very  clean,  the  weeds  that  are 
removed  lieing  used  as  foi*age.  Harvesting  is  done  with  the  sickle  or 
even  by  hand.  Grain  is  thrashed  by  treading  out  l>eneath  the  hoofs 
of  oxen  on  a  floor  of  hardened  clay.  It  is  winnowed  by  tossing-  into 
the  air,  the  wind  carrying  away  the  chaff. 

The  valley  lands  are  irrigated  from  the  numerous  streams  that  run 
l>ank  full  in  the  spring.  The  tiny  garden,  which  every  fairh'  well- 
to-do  Kabj'le  possesses,  is  watered  and  manured  with  great  care,  and 
different  vegetables  follow  one  another  in  constant  succession  through- 
out the  year.  A  plot  of  ground  40  by  80  feet  is  thus  made  to  produce 
all  the  vegetables  needed  by  a  large  family. 

Owing  to  the  small  area  of  land  in  the  mountains  that  can  l>e  spared 
for  forage  crops,  the  Kabyles  purchase  in  the  lowlands  most  of  the 
animals  they  use  in  their  farm  work,  fattening  and  reselling  them 
when  the  spring  plowing  is  over.  Donkeys  are  generally  used  for 
carrying  loads,  and  nmles  for  riding.  The  Kabyle,  unlike  the  Arab. 
takes  the  greatest  care  of  his  animals,  stabling  them  at  night  in 
his  own  house  and  doing  his  l>est  at  all  seasons  to  provide  them  witli 
sufficient  food. 

AMONG  THE  8AHABAN8. 

The  i)opulation  of  the  oases  in  the  eastern  part  of  the  Algerian 
Sahara,  the  only  part  of  the  desert  that  is  of  much  agricultural  inter- 
est, is  of  mixed  origin.  It  combines  strains  of  Berber,  Sudanese, 
and  Arab  blood.  In  winter  great  numbers  of  nomadic  Arabs  dest*end 
into  the  Sahara  with  their  flocks  and  herds,  which  range  during  the 
summer  over  the  plains  of  the  high  plateau  region.  But  there  is  also 
a  resident  population,  which  subsists  entirely  upon  the  products  of 
the  date  palm  and  the  various  cultures  that  are  grown  in  it^s  shade. 
These,  the  true  Saharans,  are  very  skillful  gardenei's,  understanding 
thoroughly  the  highly  specialized  culture  of  the  date  palm.  They  are 
adepts  in  the  management  of  soils  and  irrigating  waters  that  contain 
excessive  amounts  of  salt.  Despite  these  disadvantages,  which  ai-e 
combined  with  the  most  unfavoi-able  climatic  conditions,  they  succeed 
in  growing  in  the  oases  a  variety  of  fruit  trees,  garden  vegetables, 
forage  plants,  and  cereals.  Not  only  in  their  own  gardens,  but  in 
the  plantations  of  palms  recentl}'^  established  by  French  capital,  the 
labor  is  performed  entirely  by  natives.  The  climatic  conditions, 
together  with  the  large  quantit}'  of  more  or  less  stagnant  water  that 
is  always  present,  make  the  oasis  environment,  at  least  in  summer, 
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entirel}'  unfit  for  European  labor.  Indeed,  the  Arabs  of  the  coast 
and  high  plateau  regions  are  hardl}^  better  inured  to  the  summer  con- 
ditions, which  only  the  thoroughly  acclimated  natives  of  the  Sahara 
can  endure  without  suffering. 

CEOPB  OF  THE  COLONY. 

The  greatest  wealth-producing  crop  of  Algeria  is  the  vine.  The 
climate  and  soils  of  a  great  part  of  Algeria,  as  of  California,  are 
perfectly  adapted  to  viticulture.  The  French  colonists  have  put  by 
far  the  greater  share  of  their  energy  and  capital  into  the  growing  of 
wine  grapes.  In  1S98  the  average  annual  value  of  the  product  of 
Algerian  vineyards  was  estimated  at  $5,<X)0,0i)0.  The  red  and  the  white 
table  wines  of  the  colony  are  steadily  improving  in  quality  and  are 
coming  more  and  more  into  favor  among  foreign  consumers.  There 
is  also  a  considerable  production  of  early  table  grapes  for  the  markets 
of  Europe. 

Various  orchard  crops  are  likewise  a  source  of  revenue.  First  and 
foremost  stands  the  olive.  Algeria  is  extending  3' ear  by  year  the 
area  planted  to  olives,  a  product  for  which  northern  Africa  has  always 
been  famous.  As  the  inability  of  Italy  and  Spain  to  supply  the 
world's  demand  becomes  more  and  more  evident,  the  export  of  olive 
oil  from  Algeria  and  Tunis  will  doubtless  steadily  increase.  Citrus 
fruits,  particularly  mandarin  and  other  oranges,  are  exported  in  con- 
sidei-able  quantities.  In  this  industry,  however,  Algeria  finds  herself 
in  competition  with  Spain,  Sicily,  and  other  countries  which  have  the 
advantage  of  a  larger  or  at  least  a  better  distributed  minfall.  Figs  are 
grown  in  most  parts  of  the  colony.  In  Kabylia  they  are  dried  and 
prepared  for  export,  although  the  finest  sorts  of  tigs  for  drying  are 
not  grown  in  Algeria. 

A  considerable  variet}-  of  other  fruits  is  grown,  chiefly  for  domestic 
consumption,  among  which  may  be  mentioned  pomegranates,  apricots, 
almonds,  peaches,  cherries,  plums,  apples,  and  pears.  Tropical  fruits, 
such  as  the  banana,  pineapple,  guava,  and  avocado,  can  be  produced 
in  the  open  only  in  a  very  few  localities  along  the  coast,  and  can  never 
become  crops  of  the  first  rank.  The  kaki  and  the  loquat  are  more 
promising. 

A  restricted  yet  important  industry  in  Algeria  is  the  production  of 
dates.  Especially  in  the  Sahara,  dates  form  a  staple  food  of  the  inhal)- 
itants,  who  eat  great  quantities  of  the  ordinary  sorts.  The  finer 
varieties  are  now  being  grown  in  some  quantity  for  export  to  Europe, 
and  a  considerable  amount  of  French  capital  has  been  invested  in  this 
enterprise. 

Market  gardens  occupy  a  considerable  area  near  the  sea.  Large 
quantities  of  vegetables  are  grown,  not  only  for  the  use  of  the  home 
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population  !>ut  for  shipment  to  Europe  to  supply  the  winter  and 
early  spring  markets.  Of  those  which  are  exjwrted,  artiehokes.  pota- 
toes, l)eans,  and  peas  are  the  most  important.  The  consumption  of 
melons  and  watermelons  in  Algeria  is  very  large  during  the  summer. 

The  principal  field  crops  of  the  colony  are  cereals.  Wheat  and  bar- 
ley occupy  about  7,000,000  acres  annually  and  supply  a  large  exiK>rt 
trade.  Indian  corn  and  sorghum  are  extensively  grown  by  the 
natives.  Cotton  and  sugar  cane,  crops  to  which  Egypt  owes  so  nmch 
of  her  wealth,  are  of  small  importance  in  Algeria.  The  only  valuable 
•"^ industrial"  crops  are  tobacco  and  certain  plants  used  in  the  manu- 
facture of  perfumery.  The  cork  oak  and  the  grass  known  as  alfa, 
which  contribute  largely  to  the  prosperity  of  the  colony,  are  never 
artificially  planted  and  hence  are  not,  strictly  speaking,  agricultural 
products. 

The  acreage  in  forage  crops  is  limited,  particularly-  in  sununer,  by 
the  scanty  water  supply.  Alfalfa  is  grown  generall}'  in  small  patches, 
although  on  the  larger  estates  good-sized  fields  are  sometimes  put  into 
this  crop.  Sulla  has  been  frequent!}'  reconmiended  but  has  not  roiiie 
into  general  use.  The  pods  of  the  carob  tree,  or  St.  John's  bread,  are 
used  for  feeding  stock.  They  arc  consumed  in  considerable  quantities 
in  the  colony  and  are  also  exported.  Sorghum  is  also  grown  exten- 
sively and  affords  a  valuable  supply  of  summer  forage.  In  the 
autunm,  in  some  localities,  vetches  are  sown  with  oats  or  l>arlev  and 
are  harvested  in  the  spring.  This  mixture,  either  green  or  cured,  is 
an  excellent  food  for  cattle.  Oats  are  grown  for  exjwrt  only,  Imrley 
being  the  grain  conunonly  fed  to  horses. 

The  greater  number  of  the  cattle  and  sheep  of  Algeria  are  iiiised 
upon  the  wild  forage  which  covers  the  uncleared  portion  of  the  hills 
and  plains  or  springs  up  in  the  cultivated  fields  after  the  crop  of  grain 
has  been  taken  ofl'.  The  supply  of  green  pasturage  is  abundant  dur- 
ing the  winter  and  spring,  but  the  hot,  dry  summer  soon  burns  it  dry. 
As  cultivated  forage  is  scarce  in  sununer  anin)als  often  have  gi-eat 
difficult}'  in  obtaining  feed  at  that  season. 

GEOGRAPHICAL  DISTRIBUTION. 
COAST  REGION. 

The  great  diversity  which  the  coast  region  exhibits  in  respeci  to 
climate,  topograph^-,  and  soils  is  paralleled  by  the  great  diversity  of 
its  agricultural  conditions.  A  far  greater  variety  of  crops  is  grown 
there  than  in  either  of  the  other  regions.  The  three  zones — littoral, 
valley  and  plain,  and  mountain — arc  distinguished  one  from  another 
by  agricultural  as  well  as  by  topographical  and  climatic  peculiaritie>s, 
so  that  it  will  be  advisable  to  give  a  sketch  of  each  in  turn.  Roughly 
speaking,  the  first  is  a  zone  of  orchards  and  market  gardens,  the  set^ond 


of  gmiii  field?;  and  vineyards,  and  the  third  of  tree  c 
vatioiis,  {riving  place  to  pat^tumge  on  the  higher  slo| 
tlie  nioimtains.  But  this  generalization  must  not  be 
Til**  I  ines  that  separate  the  tliree  xones  are  vague  at  bt 
tries  esjiecially  eharacteristic  of  each  are  shared  to  st 

LITTORAL   ZONS. 

Along  the  shore  of  the  Mediterranean  U  practiced  t 

iij^ri culture  of  the  colony,  if  we  except  the  oiises  of  tl 

The  iilluvial  soils  of  the  valleys,  which  usually  expani 

as  they  appr<HU'h  the  sea,  are  largely  occupied,  espec  i 

!»orln>od  of  the  principal  cities,  by  highly  cultivated 

The  lower  slopes  of  the  bills  and  mountains  that  h( 

octrupiod  hy  orchards  and  vineyai-ds.     At  slight  eU 

jri-(>)it  variety  of  fruifc^,  every  sort,  in  fact,  that  is  <!oi 

warm  tcniperute  countries.     In  addition  to  the  great 

giiipcs,  excellent  table  grapes  are  grown  for  Europi 

Algerian  markets.     Oranges  of  several  kinds  are  p' 

eralde  quantity.     Lemons,  apricots,  nectarines,  an  I 

The  Japanese  persimmon,  the  to<iiiat,  the  pecan,  an' 

not  yet  widely  cultivated  in  that  part  of  the  world,   i 

a  source  of  wealth.     A  few  peculiarly  favored  »ituati : 

from  cold  winds  in  winter  and  from  the  sirocco  in  su  : 

to  fruits  of  a  distinctly  tropical  character,  such  as  Im 

avocados.     Attempts  are  being  inaife  to  produce  si  i 

under  glass  in  marketable  quantity. 

It  must  not  be  supposed,  however,  that  the  littor 
wholly  to  growing  fruits  and  garden  vegetables.       ' 
extensive  areas  of  alluvial  soil  occur,  cereals  arc  gr<  i 
yields  than  elsewhere  because  of  the  abundant  sup  I 
the  sjinic  reason  cultivated  foi-age  plants  do  better  i 
in  the  others.     Alfalfa  is  the  most  important  per 
while,  for  winter  forage,  l>ar!oy,  often  sown  will 
used.     As  is  also  the  case  to  some  extent  in  the  : 
coast  region,  natural  meiulows,  furnishing  green  pa 
round,  occupy  marshy  places.     Where  such  nieado    : 
can  be  kept  in  good  condition  thixtughout  the  summ   i 
p0!<sihle  in  the  high  plateau  region. 

An  industry  of  secondary  impoitancc,  yet  brinf    i 
yearly  revenue  into  the  colony,  is  that  of  growing    | 
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up  in  great  part  to  gi-ain  production.  Of  the  12,5(K),(MM)  acn?s  in 
Algeria  which  bear  a  cereal  crop  every  one  or  two  veal's,  by  far  the 
largest  part  is  situated  in  this  zone.  Wheat,  barley,  and  oaLs  are 
grown,  the  last  in  much  smaller  quantit}"  than  the  others  and  solely 
for  export.  The  bulk  of  the  wheat  is  of  the  hard  or  durum  type, 
although  soft  wheats  are  also  produced. 

Where  water  for  irrigation  is  to  be  had  in  summer— and  this  is  th** 
case  in  only  a  small  fraction  of  the  whole  area — alfalfa,  sorghum,  and 
other  forage  plants,  as  well  as  tolmcco,  melons,  otx\,  are  grown.  Cot- 
ton was  extensively  planted  in  some  of  the  valleys  of  western  Algeria 
during  the  civil  war  in  the  United  States,  and  proved  ver3'  remunera- 
tive for  a  while.  Under  present  market  conditions,  however,  it  can 
not  be  grown  with  profit  in  the  colony. 

The  wild  fomge  that  springs  up  on  the  extensive  areas  of  grain  land 
lying  fallow  every  year  is  an  important  resource  to  the  farmer,  enabling 
him  to  keep  his  cattle  in  good  condition  during  the  winter.  In  sum- 
mer, however,  unless  a  forage  crop  is  grown  under  irrigation,  the 
conditions  for  animals  in  this  zone  are  unfavorable. 

MOUNTAIN   ZONE. 

The  onl}'  extensive  district  of  high  mountains  in  Algeria  where 
agriculture  is  highl}'  developed  is  Kabylia.  In  discussing  the  agricul- 
ture of  the  "mountain  zone"  we  are  therefore,  as  a  matter  of  fact, 
describing  that  district. 

The  lower  elevations  and  the  valleys  of  the  larger  streams  present 
conditions  not  unlike  those  of  the  littoral  zone.  Even  omnges  can  be 
grown  in  sheltered  situations  at  low  altitudes.  On  the  higher  slopes 
and  the  crests  of  the  ridges,  however,  this  is  impossible.  The  nature 
of  the  surface  is  not  adapted  to  large  vineyards  and  grain  fields;  hence, 
agriculture  becomes  reduced  to  horticulture.  Orchards  of  tigs  and 
olives  cover  the  middle  elevations,  often  on  the  steepest  hillsides. 
Olive  oil  is  produced  in  large  quantities  in  the  eastern  part  of  this 
mountain  region.  It  is  extensively  used  by  the  inhabitants  and  is 
also  an  important  article  of  export  from  Bougie,  the  princijial  seaport 
of  the  district.  Other  agricultural  products  of  the  mountain  fegion 
which  contribute  .to  the  export  trade  of  the  colony  are  dried  tigs,  the 
pods  of  the  carob,  or  St.  John's  bread,  and  capers.  The  last  are  not 
cultivated,  but  are  gathered  by  women  and  children  from  the  wild 
plants,  the  young  flower  buds  being  the  part  used  in  conmierce.  AlK>ut 
450,()()()  pounds  of  capers  were  exported  in  1899.  The  mountaineers 
raise  in  small  gardens  such  cereals,  vegetables,  and  forage  plants  as 
they  require  for  their  own  use.  These  gardens  are  generally  situated 
at  the  bottoms  of  valleys  and  ravines,  where  some  alluvial  soil  has 
collected. 
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The  lu|rhe.st  elevations  of  the  mountain  zone  are  not  suitable  for  any 
►vt.  of  agriculture,  l)ut  are  largely  eovered  with  grass,  which  affords 
>ur)clant  pjusturage  to  flocks  of  sheep  and  goats. 

HIGH  PLATEAU  EEOION. 

Ill  the  typical  steppe  region  of  central  Algeria  agriculture  is  limited 
t>  occasional  low  places  where,  by  means  of  the  natural  moisture  of 
he  i^round  or  by  irrigation  with  the  water  of  a  well,  a  crop  of  l>arley 
!4iii  ho  made  in  winter.  If  conditions  are  exceptionally  favorable,  a 
iiiia,!!  garden  can  sometimes  be  esUiblished.  At  such  points  ais  Setif 
ind  Hatna,  in  the  eastern  part  of  the  colony,  there  are  extensive  areas 
in  winter  cereals,  where  crops  are  produced  without  irrigation.  But, 
birt  we  have  already  seen,  these  places  are  not  to  be  regarded  as  typical 
of  the  high  plateau  region.  Agriculturalh',  they  belong  rather  to  the 
valley  and  plain  zone  of  the  coast  region. 

The  two  great  industries  of  the  high  plateau  region  are  grazing  and 
the  collection  of  alfa.     Vast  numbers  of  sheep  and  goats,  as  well  as 
horses  and  camels,  are  pastured,  especially  in  summer,  on  these  ele- 
vated gi-assy  plains.     It  is  estimated  that  from  (>  to  10  million  head  of 
sheep  and   3,5(X),0()0  goats  range  the  high  plateau.      These  animals 
are  almost  without  exception  the  property  of  Arabs.     Many  of  them 
are  wintered  in  the  Sahara,  and  in  spring  are  driven  by  their  owners 
up  to  the  high  plateau,  where  pasturage  is  more  abundant  and  the 
heat  less  intense.     The  hides,  meat,  wool,  and  other  products  of  these 
animals  are  a  very  material  source  of  wealth  to  tlie  colony.     Cattle  are 
not  raised  in  any  considerable  number. 

Alfa,  or  esimrto,  covers  vast  areas  of  this  region,  often  to  the  ahnost 
complete  exclusion  of  other  vegetation.  The  tough  leaves  of  this 
grass  form  one  of  the  most  valuable  exports  of  the  colony,  amounting 
annually  to  about  $2,000,000.  They  are  used  in  the  manufacture  of 
high  grades  of  paper,  basket  ware,  matting,  hats,  and  cordage.  The 
harvest  takes  place  in  the  spring.  Persistent  exploitation  is  resulting 
in  the  rai)id  extermination  of  alfa  grass,  the  more  so  because  attempts 
to  establish  artificial  plantations  have  so  far  been  wholly  unsuccessful. 

DESEST  SEOION. 

The  oases  of  the  Sahara,  and  particularly  those  of  the  depression 
t  known  as  the  Oued  Kirh,  in  the  eastern  part,  are  the  only  portion  of  the 
I  desert  that  is  of  much  agricultural  importance.  There  the  pre>ence 
of  subterranean  streams,  carrying  a  considerable  volume  of  water,  has 
made  it  possible  to  plant  thousands  of  date  palms  m  groves  of  greater 
or  less  size. 

Within  the  last  three  decades  the  sinking  of  a  number  of  artesian 
wells  in  the  Oued  Kirh  region  has  much  increased  the  supply  of  water 
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for  irrigating  purposes.  Consequentl},  it  has  been  possible  to  cremte 
new  oases  and  to  extend  greatly  the  area  in  date  }>alnis.  Two  French 
companies  have  set  out  many  thousands  of  palms  of  the  best  varieties 
especially  the  celebrated  Deglet  Noor,  and  have  introduced  improved 
methods  of  cultivation  and  management.  Dates  have  always  l^een  ac 
im[X>rtant  article  of  export  from  the  Sahaiu  to  other  parts  of  Africa. 
Recently  a  large  export  trade  with  Europe  has  l)een  developed. 

A  considerable  variety  of  fruits,  vegetables,  cereals,  and  forage 
crops  is  grown  among  the  date  palms  in  the  oases.  These,  however, 
do  not  atford  products  for  export  to  foreign  countries,  but  serve 
merel}'  to  supply  the  wants  of  the  local  population.  The  urea  avail- 
able is  too  small  to  allow  these  subordinate  cultures  to  attain  any 
considerable  magnitude,  even  cereals  and  forage  plants  l)eing  grown  in 
gardens  rather  than  in  fields. 

Oranges  are  grown  in  the  oases  at  the  foot  of  the  mounUtinis  that 
bolder  the  desert,  but  do  not  succeed  farther  south  because  of  the  cnrca- 
sionally  severe  winter  frosts.  Olives  for  oil  and  the  large  sorts  ased 
for  pickling,  almonds,  several  kinds  of  figs  and  grapes,  pomegi^anates 
apricots,  and  other  fruits  are  produced.  The  apricots  grown  are  of  a 
native  type  and  are  remarkable  for  the  large  size  the  trees  sometime.*^ 
attain.  The  different  kinds  of  fruit  trees  are  not  set  out  in  separate 
orchards,  but  are  mingled  together.  The  stmie  system,  or  lack  of 
system,  is  observed  in  the  wa}'  garden  vegebibles  are  grown.  Of  these 
the  moie  common  are  onions,  broad  beans,  carrots,  cabbage,  toniatix's, 
okra,  eggplant,  pumpkins,  cucumbers,  melons,  and  peppei"s.  Alfalfa 
is  grown  in  small,  carefully  tended  patches,  and  is  cut  many  times 
during  the  year.  The  cereals  chieflx'  grown  are  wheat  and  barley  in 
winter,  and  sorghum  and  Indian  corn  in  sunmier.  On  the  northem 
edge  of  the  Sahara,  where  the  slope  is  considerable  and  occasional 
heavy  rains  in  winter  cause  a  sheet  of  flood  water  to  >weep  down  over 
the  land,  this  is  taken  advantage  of  in  producing  crops  of  grain  in  the 
open  desert  bordering  the  oases.  Ridges  of  mud  are  thrown  up  at 
intervals,  and  are  arranged  so  as  to  catch  and  retain  for  a  while  the 
flood  water. 

PBINCIPAIi  GBOPS  IN  DETAII.. 

FRUIT    CS0P8. 
GRAPES. 

Wine  grapes, — Grapes  have  long  been  an  important  product  of 
Algeria,  for  even  before  the  French  occupation  alDout  fifty  varietie> 
were  known  to  the  natives.  In  Kab^-lia  particularly,  well-defined  local 
varieties  had  been  developed.  Some  of  these  arc  grown  only  in  that 
country,  apparently,  while  others  occur  under  diflferent  names  in  other 
parts  of   the   Mediterranean    region.      Until   within   the   last  thi^ee 


<i»  ocadcs,  grapes  were  grown  chi«ny  for  oatiiig  purpose 

■  viedan  law  forbids  the  use  of  wine.     Since  then,  howe 

«z>f  viiicYards  has  made  rapid  progretss  among  the  coloi 

K^early  350, 'XH)  acres,  about  one-t«nth  of  the  land  own( 

^vaM  in   vines.     The  estimated  total  value  of  Alger 

^114,<XM),0(K).     Wine  is  now  the  most  valuable  produi 

t:.ho  export  amounting  in  1899  to  over  120,0<W,IK)0  g 

Cbe  skill,  energy,  and  capital  of  the  French  populatio 

•-ipon  this  crop.     It  has  been  computed  that  $6,1350 

zannunlly  in  wages  to  the  laborers  in  Algerian  vineyai 

Fine  wines  and  dessert  wines  form  but  a  small  pail  i; 

the  Algerian  product  consisting  chiefly  of  heavy-b<: 

cafie  of  i"ed  wines,  deeply  colored  wines  for  blending  y, 

are  !>eing  constantly  improved  in  quality,  and  Algeriii 

■^vidcly  and  favorably  known  in  Europe — France,  E: 

many,  especially,  importing  large  quantities. 

The  varieties  of  wine  gmpes  chiefly  grown  by  En 
are  those  of  southern  France.  Carignane,  from  wl 
made,  is  at  present  the  favorite,  and  is  being  planted  i 
than  any  other  variety.  Other  highly  esteemed  van: 
i^d  wine  are  Mourvedrc,  Moi-astel,  Aramon,  Cinsi 
(Oeillade).  Carignane  is  notable  for  the  mpidity  wi 
into  Ixtaring  and  for  its  large  yields.  At  the  .sann 
more  care  than  some  other  varieties,  and  is  .subject  to  I 
Moiirvedre  and  Morastel,  hardier  varieties,  hut  slow  ■ 
and  somewhat  irregular  in  yield,  are  not  u-s  extcr  ■ 
formerly.  Cinsjuilt  and  Ulliadc  are  hardy  varietit  ■ 
trying  conditions  that  prevail  when  the  sirocco  i  \ 
former,  especially,  is  much  grown.  The  latter  if 
irregular  in  its  yields.  The  variety  known  as  "I  : 
used  for  giving  a  deei>er  color  to  certain  French  i 
other  varieties. 

White  wines  are  made  from  the  Claire tte,  Ugni  Bl  i 
other  varieties,  while  a  native  variety  known  as     • 
esU^eineil  by  some  viiieyardists.     All  these,  howevei 
yields,  so  that  the  making  of  white  wines  from  gru]  ; 
less  juice  is  now  much  pmcticed,  the  skins  being  re 
mentation  l>egins.     Cinsanit,  Aramon,  and  Mourvt 
used  for  this  purpose.      Excellent  dessert  winesare   ■ 
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growing  of  wine  grapes  have  \)een  realized.  Deep  alluvial  soils,  con- 
taining a  eonsidemhle  amount  of  clay  and  of  organic  matter,  are  found 
to  give  the  large^^t  yields.  These  soils  retain  enough  moisture  during 
the  summer  to  prevent  much  harm  to  the  vines  from  the  sirocco.  The 
l)etter  qualities  of  wine  are,  however,  commonly  produced  on  hillside 
vineyards,  at  altitudes  not  exceeding  8,000  feet.  Some  districts  that 
are  otherwise  perfectly  adapted  to  vineyards  suffer  so  heavily  fnmi 
hailstonns  in  spring  as  to  make  them  unprofitable  for  grape  culture. 

The  vines  are  planted  to  best  advantage  in  squares  or  in  a  quincunx, 
i.  e. ,  in  squares  with  one  vine  at  each  corner  and  one  in  the  center.  It  is 
very  important  to  arrange  the  vines  so  that  the  vineyard  can  be  plowed 
in  both  directions.  It  is  considered  advisable,  under  Algerian  condi- 
tions, when  planting  in  squares,  to  set  the  vines  6,  or,  for  some  varie- 
ties, 6  feet  apart  each  wa}- .  The  vines  are  set  out  during  the  months 
of  January,  February,  and  March.  Pruning  is  generally  done  in  the 
latter  part  of  the  winter.  The  varieties  most  commonly  grown  by 
the  colonists,  such  as  Carignane,  are  trimmed  back  close  to  the  stump, 
leaving  a  circle  of  5  to  8  spurs.  When  trimmed  long,  the  canes  are 
trained  on  wire  or  arc  supported  by  forked  sticks.  Among  the 
Kabyles,  the  vines  are  generally  allowed  to  grow  on  trees.  Close 
trimming  is  said  to  increase  the  ability  of  the  vines  to  resist  drought, 
which  is  an  important  matter  in  Algeria.  Grafting  is  re-sorted  to 
when  it  is  dasired  to  replace  the  varieties  in  a  vineyard  with  lietter 
varieties,  and  to  render  it  more  productive,  March  and  April  being 
the  best  months  for  this  o|)eration.  In  Algeria  vines  generally  lx»gin 
to  bear  in  their  fourth  year,  although  a  full  crop  is  not  obtained  until 
the  sixth  or  seventh  year. 

Late  in  the  winter,  after  trimming  is  completed  and  before  the  buds 
have  begun  to  start,  the  vineyards  are  plowed,  usually  to  a  depth 
of  6  inches.  This  should  be  done  when  the  soil  is  fairlv  drv.  ()eca- 
sionally  the  plow  is  followed  by  a  subsoiler.  Vines  send  their  roots 
deep  into  the  soil  in  Algeria,  so  that  there  is  little  danger  of  injuring 
them  by  this  treatment.  A  hoe  or  pick  is  used  to  loosen  the  soil 
around  the  roots  of  the  vines.  In  some  vineyards,  in  oitier  to  cover 
the  roots,  a  cross  plowing  is  then  given  which,  like  all  subse<|uent 
plowings,  is  shallower  than  the  first.  During  the  summer  the  vine- 
yard is  given  as  man}'  cultivations  with  the  hoe  or  the  scarifier  as  are 
necessary  to  rid  it  of  weeds  and  to  preserve  a  loose  mulch  on  the  sur- 
face of  the  soil  that  will  keep  down  evapomtion.  Bermuda  grass  is 
often  a  serious  pest  in  Algerian  vineyards. 

Although  in  vineyards  careful  cultivation  will  partly  take  the  place 
of  irrigation,  the  yield  can  almost  alwaj^s  be  increased  bv  the  judicious 
application  of  water.  Irrigation  in  winter,  so  as  to  store  up  water 
in  the  soil,  is  recommended  for  such  regions  as  the  Cheliff  Valley, 


wbere  the  rainfall  is  siiinll.  The  Hi-st  irriffation  in  : 
takes  place  when  the  gmpes  iHigin  to  color,  and  the 
■weeks  before  tlie  viiita(£G.  About  iJ  acre-inches  of 
AckkI  irriffation,  but  only  aiwut  IJ  acre-inches  i 
tioii.  It  is  desirable  to  follow  each  irrigation  by 
oi-der  to  keep  down  weeds  and  prevent  the  surfaire 
Waking. 

Nitrogenous  fertilizers  are  needed  in  maintaining 
of  Algerian  vineyards,  and  phosphoric  acid  is  also  * 
promote  productiveness.  Farm  manure  is  much  u 
Ht  the  rate  of  12  to  18  tons  per  acre. 

When  wine  making  first  began  in  the  colony  g: 
experienced  in  completing  fermentation,  and  the  qi 
was  nuu-h  impaired  by  the  presence  of  unfermer 
was  due  to  the  high  sugar  content  of  the  Algeri; 
the  high  temperatures  prevailing  during  fermenta: 
^■iiUies  have  been  largely  overcome,  however,  by  ■ 
precautions.  If  the  weather  during  the  vintsige  is  v  ■ 
ai*e  gathered  and  put  into  the  vats  in  the  early  m: 
are  cool,  and  the  tempeniture  of  the  vats  is  kept 
cool  wnler  to  circulate  on  the  outside  of  them. 

The  fungous  di?,cases,  such  as  anthmcnose,oldium, 
iittaek  vines  in  Algena,  have  l>een  more  or  less  sl  [ 
check  by  spraying.  Not  so,  however,  with  phyl 
wrought  terrible  havoc  in  the  vineyards  of  Orai 
departments  since  its  first  appearance  in  the  colon< 
rigid  inspection  law  has  failed  to  put  u  complete  s( 
The  practice  of  flooding  infected  vineyards,  whic  ; 
happy  results  in  southern  France,  can  not  be  ge 
Algeria  )>ccause  of  the  scarcity  of  irrigating  water, 
yaivis  of  the  central  department,  that  of  Algiers,  ha 
from  this  destructive  insect. 

In  the  vineyai-ds  of  western  Algeria  considembi 
sustained  through  the  rise  of  salts  in  the  soil.  1 
the  soil  upon  Algerian  vineyards  has  been  dis<-us: 
p.  44  of  this  report),  who  calls  attention  to  the  exi: 
more  resistant  plants.  In  .some  districts  the  vine? 
while  in  less  extreme  cases  the  quality  of  the  w 
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L^iVc€*  some  of  the  vines,  .some  of  the  olive  varieties  i 
:he  oolonv,  while  others,  which  have  received  local  r 
*!-€?  widely  distributed  in  Mediterranean  countries. 

The    olive  grows  wild  in  almost  every  part  of  A 

tliore    forming  actual  forests,  some  of  which  were  f< 

greater  extent  than  they  are  to-day.     The  fruits  of 

iire  AVorthles.s,  but  the  stocks  are  much  used  for  graftii 

varieties.     In  Kabylia  especially^  the  area  in  olive 

rsvpiclly  extended  by  grafting  wild  trees. 

The  olive  flourishes  in  a  great  variety  of  soils  an( 

than  eitrus  fruits  to  cold  and  drought.     Yet  it  has  1 

Tiiii.st  he  considered  when  a  new  orchard  is  to  be  es 

druiiieil  soils,  having  a  considerable  slope,  give  the  1 

Tiiaxirnum  oil  production  is  said  to  be  obtained  from 

Sunny  situations  are  to  be  preferred,  although  in  d 

frosts  in  spring  it  is  desirable  that  the  trees  should  r 

where  the  first  ravs  of  the  sun  can  strike  them  in 

paying  crop  can  not  ))e  expected  in  districts  when 

low  as  25  '  F.  or  exceeding  105 -"  F.  are  frequent. 

In  respect  to  elevation,  olives  will  not  thrive  in 
tilde  of  much  more  than  3,000  feet,  and  appear  t 
1,000  and  2,000  feet  above  sea  level.     In  the  immed 
of  the  sea  the  orchards  suffer  most  from  the  ravage 
enemies  and  of  a  bacterial  disease.     Olive  orchard 
profitable  in  districts  like  the  Cheliff  Valley,  wher 
^ted  three  or  four  times  during  the  winter.     If  in 
is  also  possible,  the  yield  can  often  be  doubled, 
from  1.5  to  2  acre- feet  is  applied. 

Where  an  orchard  is  to  be  startinl  with  3'ourig  t 
out  in  most  parts  of  Algeria  to  best  advantage  at  ii 
in  rows  50  feet  apart.  Sometinu^s  the  (|uincunx  ph 
irrigated  land,  about  40  trees  to  the  acre  is  th< 
Planting  is  done  during  the  winter,  preferably  in  Dec 
After  six  or  eight  >^ears  an  orchard  started  with  tr 
2  or  3  inches  in  diameter  will  generally  i)ay  expei 
veal's  it  will  be  in  full  bearing. 

Other  cultures  are  not  permitted  in  the  orchar 
supply  is  ample  and  the  soil  is  either  naturally  ve 
manured.  Cereals  are  often  grown  among  th(i  tree 
diminish  the  yield  of  fruit,  and  is  generally  disc 
trees  begin  to  bear.  On  the  other  hand,  where  w« 
growing  of  broad  beans  and  similar  leguminous  cro 
is  a  good  practice. 
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Fertilizers,  applied  in  alternate  years  when  the  trees  are  not  bear- 
ing, largely  increase  the  yields.  A  good  tree,  if  furnished  atxiut  r>i>tf 
pounds  of  farm  manure  every  other  3'ear,  will  yield  550  to  650  pounds 
of  fruit  ever}'  two  years.  The  average  yield  from  a  tree  20  years  old 
appears  to  be  about  175  pounds,  from  12  to  15  per  cent  of  the  weight 
being  oil.  The  best  method  of  keeping  the  soil  of  an  olive  orchard  in 
first-class  condition  is  to  give  it  a  good  plowing  as  soon  as  the  harvest 
is  over.  During  the  summer  two  or  three  cultivations  are  given,  in 
order  to  keep  the  surface  well  mulched  and  thus  reduce  evaporation. 
The  harvest  begins  in  October,  green  olives,  for  pickling,  being  the 
first  that  are  gathered. 

By  far  the  greater  part  of  the  oil  crop  of  the  colony  is  obtained 
from  fruit  grown  by  the  natives,  who  themselves  manufacture  two- 
thirds  of  the  oil  produced  and  also  supply  with  fruit  the  oil  mills  that 
are  operated  by  Europeans.  European  colonists  have  not,  so  far. 
devoted  as  much  attention  to  olive  growing  as  the  importance  of  the 
crop  would  warrant.  In  western  Algeria,  however,  in  districts 
infected  with  phj^lloxera,  olives  are  often  planted  in  vineyards,  so  as 
to  take  the  place  of  the  vines  in  case  the  latter  should  be  destroy€»d. 

Olive  growing  is  the  principal  industry  of  Kabylia.  Very  little 
care  is  there  given  to  the  cultiv^ation  of  orchards,  this  being  generallv 
limited  to  a  single  plowing  in  spring.  The  furrows  are  run  horizon- 
tally along  the  hillside,  so  that  as  much  rain  water  as  possible  can  l>e 
retained  in  the  soil.  The  trees  are  pruned  with  a  hatchet  while  the 
fruit  is  being  gathered.  The  whole  family — men,  women,  and  chil- 
dren —take  part  in  the  harvest,  which  is  a  sort  of  festival,  like  the 
vintage  in  European  countries.  Hired  pickers  are  paid  with  a  certain 
proportion  of  the,  fruit  they  gather.  A  woman  can  earn,  during  the 
two  months  of  the  picking  season,  olives  enough  to  yield  about  15  gal- 
lons of  oil,  worth  perhaps  $6. 

Europeans  who  manufacture  olive  oil  purchase  the  fresh  fruit  from 
native  growers,  paying  from  40  cents  to  $1  per  100  ix>unds.  The 
fruit  is  brought  to  the  mills  in  baskets  made  of  reeils  or  of  olive 
twigs.  In  ever3'  Kabyle  village  there  is  a  small  oil  mill,  the  miller 
being  paid  for  his  work  with  the  product  of  the  second  pressing.  The 
strong  flavor  of  the  oil  made  by  the  natives,  which  is  very  unpalatable 
to  Euro[)eans,  is  due  to  the  fact  that  the  fruit  is  not  presvsed  while 
fresh,  but  is  spread  out  for  several  months  after  gathering  on  a  surface 
of  hardened  clay,  where  it  is  exposed  to  the  sun  and  weather.  The 
Kab3'lcs  use  oil  almost  wholly  in  place  of  butter  and  lard,  frj-ing  food 
in  it  and  eating  it  on  bread  and  ''  couscous." 

Olives  for  pickling  are  grown  in  Algeria  only  in  a  small  wa3%  gen- 
eralh'  m  the  gardens  of  natives. 
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FIGS. 

The  fig  ranks  next  to  the  olive  in  importance  an 
rops  of  Algeria.  Like  the  olive,  it  is  most  extensi' 
mountain  zone  of  the  coast  region,  although  commoi 
he  colony.  In  Kabylia  no  less  than  two  dozen  \ 
hem  of  excellent  quality,  are  known.  Figs,  both 
•oiin  a  large  part  of  the  food  of  the  Kab^^les,  wl 
fiurojHi  a  considei-able  quantity  of  the  dried  proc 
trarietie8  for  drying,  such  as  are  grown  near  Smyrna, 
grown  in  Algeria,  except  in  an  experimental  way.  I 
in  the  shade  of  date  palms  in  the  oases  of  the  Saha 
yield  nor  in  quality  do  the  desert-grown  tigs  comp 
the*  mountains.  Fig  trees  do  not  endure  well  the  sev 
high  plateau. 

Ill  the  larger  valleys  of  the  coast  region  heavy  yiel 
under  irrigation.     Some  varieties  grown  in  Algerij 
year;  others,  only  one.     In  establishing  a  tig  orcha 
stock,  budded  from  2-year-old  wood,  or  root  shoot 
are  used.     Budding  is  generally  done  in  February  oi 
is   rapid,  amounting  often  to  5  feet  during  the  li 
trees,  when  old  enough  for  the  orchard,  are  set  out  ii 
about  30  feet  apart.     The  only  pruning  done  consis 
dead  wood  and  the  shoots  at  the  base  of  the  truni 
occasionally  given  a  shallow  plowing  or  cultivation, 
soils  it  is  found  that  fertilizers  containing  phosphor 
if  applied  in  late  winter,  materially  increase  the  yie 
In  Kabylia,  where  the  acreage  in  figs  is  constantl 
this  tree  bears  well  up  to  an  altitude  of  4,000  feet, 
b}^  the  Kabyles  to  fig  than  to  olive  orchards.     The  t 
reproduced  by  cuttings,  but  preferably  by  root  si 
done  during  the  winter.     In  January  or  February  i 
given,  and  is  followed  by  sevtM'al  others  during  th 
varieties  grown  in  that  district  recjuire  to  be  C4iprifie( 
in  order  to  set  fruit,  their  flowers  must  receive  pc 
the  wild  fig,  and  this  is  airried  to  them  by  a  small  ii 
which  lays  its  eggs  in  the  young  flower  clusters 
caprifig.    The  first  capritication  usually  takes  plac 
operation  is  sometimes  repeated  three  or  four  tinn 
mer.    The  method  of  the  Kabyles  is  to  thread  tog' 
I     ''male"  tigs  or  caprifigs  and  hang  the  chaplets  t 
branches  of  the  trees,  the  flowers  of  which  arc  to  be 
figs  sometimes  sell  for  (>  cents  a  dozen  among  t 
orchards  managed  by  Europeans  the  expense  of  < 
mated  at  about  $5  per  hundred  trees. 
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Ill  llio  mountains  the  harvest  of  figs  for  drying,  although  at  its 
height  in  Soptemher,  covei's  a  period  of  alx)ut  three  months^  as  the 
fruit  does  not  all  ripen  at  once.  As  fast  as  the  fruit  matures  it  is 
gathered  and  placed  in  shallow  trays.  These  are  spread  out  on  the 
ground  when  the  sun  is  shining,  but  are  piled  together  in  the  evening 
and  placed  under  shelter  when  it  mins.  The  fruit  is  turned  over  from 
time  to  time  until  it  is  dry..  Figs  that  are  kept  for  home  use  or  for 
shipment  to  other  parts  of  the  colony  are  split  down  the  middle  and 
pressed  in  a  mortar  into  a  compact  mass.  Those  intended  for  export 
are  packed  at  the  seaports  into  crates  holding  70  or  80  pounds*  made 
of  leafstalks  of  the  dwarf  palm. 

CITRUS  FRUITS. 

Only  a  compamtively  small  portion  of  the  total  area  of  Algeria  is 
suitnhle  for  citrus  fruits.  Fiven  omnges  can  he  grown  successfully 
only  in  the  coast  region,  up  to  an  elevation  of  1,700  feet  or  there- 
abouts, and  in  the  northern  oases  of  the  e^istern  part  of  the  Sahara, 
notably  at  Biskra.  In  the  oases,  however,  they  are  not  very  satisfac- 
tory in  yield  or  quality.  The  best  orange-growing  district  is  that 
around  Blida,  in  the  Mitidja  Valley  at  the  base  of  the  Atlas  Range. 
Here  ha^  been  develo}>ed  an  excellent  typ(^  of  early-ripening,  sweet 
orange,  known  as  the  '*  Blida,"  the  harvesting  of  which  begins  in 
October.  The  Malta  blood  orange  thrives  both  in  the  coast  region 
and  in  the  oases.  Biuzil,  Portugal,  Jaffa,  and  other  nw^es  are  also 
grown  in  the  colony.  The  natives  grow  oranges*  mostly  from  seeds, 
so  that  the  quality  of  the  fruit  they  produce  is  generally  ver3'  infe- 
rior; yet  some  of  the  native  varieties,  notably  in  Kabylia  and  in  the 
mountain  ravines  near  Blida,  are  said  to  possess  considerable  merit. 

The  expense  of  starting  an  orange  grove  in  Algeria  is  sometimes 
lessened  by  growing  truck  crops,  in  the  young  orchard  for  the  first 
six  years.  This  practice,  however,  is  not  recommended  by  the  best 
authorities.  A  row  of  cypress  trees  is  commonly  planted  as  a  wind- 
break around  orange  gi*aves.  The  avemge  profit  from  an  aciv  of 
oranges  is  said  to  be  only  about  ^5  annually.  The  bitter  orange 
(bigarade)  is  very  hardy  in  the  colony  and  is  much  used  as  a  stock  upon 
which  to  graft  less  resistant  varieties.  From  its  flow^ers  perfumery 
is  manufactured. 

Mandarins,  which  are  extensively  planted  in  Algeria,  generally  pay 
better  than  ordinary  oranges.  One  authorit}'  estimates  that  an  acre  of 
these  fruits  gives  an  average  net  profit  of  $60  to  $1K).  The  harvest  of 
mandarins  at  Blida  begins  in  November.  Lemons  are  less  extensively 
planted,  although  they  are  quite  hardy  and  yield  well  in  the  littoral 
zone. 

For  the  irrigation  of  citrus  fruits  in  the  manner  usually  practiced  in 
Algeria — by  means  of  shallow  basins  around  the  base  of  each  tree— 
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from  1.5  to  2  acre-inches  of  water  is  used  at  an  ap 
soil  is  very  permeable,  as  is  the  case  in  the  Blida  re 
must  be  watered  every  week.  Otherwise,  an  irri 
weeks  suffices.  As  to  cultivation,  a  plowing  in  M 
1  foot,  a  second  plowing  in  May,  and  a  cultivation  i 
ommended. 

DATES.  ^ 

Except  in  a  single  locality,  where  peculiar  conditi 
palm  does  not  ripen  its  fruit  freely  in  the  coast  r< 
hi«^h  plateau,  with  its  cold  winters,  adapted  to  thi 
home  of  the  palm  is  the  desert  region,  particularl 
pail.  (See  Pis.  I  and  III.)  In  the  oases  of  the  Ou€ 
finest  varieties  of  dates — notably  the  celebrated  D 
the  acme  of  their  development. 

The  environment  in  which  the  date  flourishes  is  i 
can  not  grow  in  the  dry  desert  if  the  ground  water  i 
of  its  roots  unless  it  is  copiously  irrigated.  To  rip 
best  varieties,  frequent  summer  temperatures  of 
together  with  a  very  dry  atmosphere  and  a  very  si 
eially  in  the  autumn,  appear  to  be  necessary.  It  i 
combination  of  conditions  is  not  to  be  met  with 
area  which  possesses  the  needed  climatic  recjuireme 
less,  but  an  abundant  supply  of  water  for  natural 
tion  is  of  rare  occurrence  in  the  desert. 

There  are  a  great  number  of  varieties  of  the  date 
Algeria — probabl}^  at  least  150.     These  are  usually  < 
by  the  character  of  the  fruit,  whether  long  or  si 
light  or  dark,  with  a  large  or  small  stone,  etc.     On< 
types  is  Rhars,  an  earl3^-ripening  soft,  sweet  dat 
exportation,  but  very  popular  among  the  inhabit* 
Dates  of  this  kind  arc  either  eaten  fresh  or,  pres? 
mass,  are  stored  and  carried  from  place  to  place 
bags.     The  Deglet  Noor  is  the  date  which  is  most 
for  the  Fiuropean  trade.     Put  up  in  small  wood 
dates  attached  to  the  })ranch  upon  which  they  gr 
shipment  admirably,  retaining  without  difficulty 
texture.      It  is  one  of  the  finest  of  table  dates,  not 
flavor  but  for  the  reason  .that  it  is  clean  and  easily 
color  and  the  transparency  of  the  flesh  add  f  urth 
ness.     During  the  last  two  decades  the  two  Frencl 


oFor  a  full  discussion  of  this  interesting  subject  by  Mr. 
Yearbook  of  the  United  States  Department  of  Agricultui 
Bulletin  No.  53  of  the  Bureau  of  Plant  Industry,  1904. 


en^raged  in  date  growing  in  the  Algerian  aahara  bare  set  out  thou- 
sands of  Deglet  Noor  tree^.  The  natives  also  have  planted  tbem  in 
largft  niimlM'r.i.  Of  still  another  type  are  the  dry  dates  which  fur- 
nish a  large  part  of  tlic  food  of  the  {lopiilation  of  the  deaert  and  sr^ 
transported  l»y  caravans  to  every  part  of  northern  Afrit-a.  Tbev 
are  notsiriipy  like  the  Rhars  typo  nor  richly  flavored  like  the  Degle* 
Noor,  but  are  a  wholesome  food  and  can  be  kept  for  indefinite  period.-*. 
The  best  sorts  are  eaten  either  fresh  or  dry,  while  from  the  stan-hv 
flesh  of  inferior  kinds  flour  in  made  and  baked  into  a  sort  of  bread. 
In  addition  to  dates,  the  natives  of  the  Sahara  obtain  various  other 
useful  product-s  from  the  palms.  Trees  of  inferior  value  are  made  to 
yield  "lagmi,"  or  palm  wine,  a  sweet  juice  which  in  obtained  in  abun- 
dance by  cutting  the  bnd  at  the  summit  of  the  stem.  The  wood  of  the 
palm  is  used  for  building  houses,  bridges,  and  dams,  as  well  as  for 
fuel.  The  leaves  serve  for  thatching  roofs,  while  from  their  tiber 
matting,  basket'^,  hat-!,  fans,  and  other  articles  are  manufactured. 

LESS   IMl'ORTANT  ORCHARD  CROPS. 

A  great  variety  of  other  fruits  characteristic  of  warm  temtH-rate  and 
subtropical  countries  are  grown  with  more  or  less  success  in  Algeria. 
)>ut  their  importance  is  not  suflicient  to  warrant  much  more  than  an 
enuniemtion. 

The  peach  is  most  at  home  in  sheltered  ravines  of  the  iiiouatain 
zone,  wliei"e  it  makes  a  rapid  growth  and  yields  well.  It  is  grafted 
upon  Priaum  mht^mhin  in  deep,  rich  soils,  and  Upon  the  almond  in 
thinner,  limy  soils.  The  fruit  is  often  of  line  appearance,  but  gener- 
ally lacks  flavor. 

The  apricot  is  aL-iO  grown  most  successfully  in  ravines  and  on  shel- 
tered slopes  at  low  elevations  in  the  mountain  zone.  In  the  oases  of 
the  northern  part  of  the  Sahara  it  becomes  a  large  tree  and  yields 
heavily,  but  the  fruit  is  poor  in  size  and  quality.  Nevertheles.s,  dried 
apricots  Are  much  in  demand  in  the  market.t  of  the  Sahara.  The  apricot 
in  the  coast  region  is  s<mictimes  gi'afted  on  the  plum. 

The  almond  is  one  of  the  fruit  trees  that  is  l>est  adapted  to  the  drier 
psirts  of  Algeria.  Two  principal  types  are  cultivated— the  thin-shelleil 
Princesse,  which  is  exported  in  smie  quantity  as  an  early  fruit,  and 
varieties  with  harder  shell,  which  are  generally  dried. 

The  cherry  is  most  at  home  in  the  mountain  zone,  doing  well  on  a 
variety  of  .soils.  There  are  cheri-j'  orchanls  of  considerable  value  ii> 
sonic  parts  of  Algeria. 

The  plum  thrives  in  rather  deep  soils,  especially  in  the  mountainous 
jMirts  of  the  colony.  The  Kcine  Claude  gives  excellent  results  under 
irrigation  at  moderate  elevations  in  eastern  Algeria.  The  growing  of 
prunes  has  not  become  an  industry  in  the  colony. 


The  pear  grows  vigorously  in  ravines  and  on  shi 
iiiountain  zone,  especially  in  deep  loatny  and  <-layej 
u  niinilier  of  native  varieties  of  small  value.  In 
varieties  rarely  give  satisfactory  results, 

Tlie  apple  is  even  less  successful  in  Algeria,  sa 
tional  localities. 

Among  fruits  ehara*-teristie  of  warmer  parts  i 
pomegranate  should  be  mentioned.  It  is  very  ba 
but  needs  a  moist  soil  in  order  to  give  the  l>est  resu 
tion  good  yields  can  be  obtained.  A  numlwr  of  t 
Algeria,  the  best  sweet  fruit  l>eing  exported  and 
price.  The  lyetter  sorts  are  propagated  by  cutt 
unimproved  type  of  pomegmnate  is  much  used  ils  a 

The  Indian  fig,  or  prickly  pear,  is  abundant  in 
where  it  is  almost  perfectly  naturaliited.  It  also 
the  oases,  but  the  high  plateau  region  is  general 
There  ai-e  several  different  races,  some  with  yello 
fruit,  A  white-fruited  variety,  of  very  limited  cu 
ite.  the  linest  of  all.  Indian  figs  are  highly  esteemed 
by  Spanish  and  Italian  immigrants,  but  are  rarely  et 

Japanese  (kaki)pei-simnions  do  well  in  most  parts 
and  promise  to  l)ecome  one  of  the  hiiportant  fruit  ci 
The  UM]uat  is  moi-e  sensitive  to  cold,  but  thrives  i 
I  n  a  few  sheltered  places  along  the  coast  bananas  i 
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Near  Algiers  especially,  market  gardens  abound.  There  the  indus- 
try is  chiefly  in  the  hands  of  natives  of  the  Balearic  Islands,  while  in 
western  Algeria  the  gardeners  are  genemliy  Spanish,  and  in  the  eastern 
part  of  the  colony  Italians  and  Maltese.  Neither  the  natives  nor  the 
French  colonists  have  gone  into  the  business  of  growing  tnick  crops 
for  export,  although  Arab  and  Kabyie  families  usually  have  small  gar- 
dens in  which  thev  raise  vegetiii)les  for  their  own  use. 

There  are  a  number  of  factors  which  combine  to  limit  gardens  as  a 
commercial  enterprise  to  the  neighborhood  of  the  seashore.  Nowhere 
else,  except  in  the  Sahara,  are  the  winters  sufliciently  warm  to  allow 
Algerian  vegetables  to  be  put  upon  the  markets  of  Europe  early  enough 
to  insure  a  remunerative  price.  As  it  is,  the  <»ompetition  of  the  Kiviera, 
and  other  parts  of  the  northern  shore  of  the  Mediterranean,  has  in 
recent  yeai's  cut  down  by  40  or  50  per  cent  the  prices  foraierly  obtained. 
Facilities  for  rapid  transportation  by  water,  such  as  are  obtainable 
near  the  coast,  are  essential  to  the  success  of  this  industry'.  An  abun- 
dant supply  of  water  for  irrigation  is  indispensable.  Finalh%  the 
large  quantities  of  manure,  sewage,  etc.,  that  are  applied  to  the  gar- 
dens can  only  be  had  in  the  laree  cities  of  the  seaboard.  At  Tunis, 
Archimedean  screws  placed  in  the  drains  are  said  to  be  used  for  lifting 
sewage  on  to  the  fields. 

Market  gardens  are  generally  irrigated  l)y  means  of  the  noria.  For 
the  first  irrigation  of  the  season  al)out  2  acre-inches  of  water  are 
applied,  while  in  each  subsequent  irrigation  about  1.5  acre  inches  are 
used.  Except  in  the  case  of  artichokes,  which  will  stand  heavj'  floo<l- 
ing,  the  irrigation  of  tmick  ci'ops  demands  considerable  skill.  The 
flow  of  the  water  should  be  gentle,  and  it  should  be  allowed  to  stand 
at  only  a  small  depth  on  the  fields. 

By  abundant  watering  and  heavy  manuring  and  fertilizing,  crop  is 
made  to  follow  crop  with  hardly  any  intermission.  From  g:irdens 
thus  managed  the  profits  are  very  large.  A  high  rent — often  $75  or 
more  an  acre — is  demanded  for  the  best  market-gsirden  land  in  the 
vicinity  of  large  cities.  The  gardener  who  leases  the  land  usually  lives 
upon  it  with  his  family.  F^ach  small  plat  into  which  the  gjirden  is 
dividend  is  usually  surrounded  by  a  wind-l)reak  of  reeds,  either  the  li\  - 
ing  plants  being  set  closely  together  to  form  a  hedge  or  a  fence  beinjr 
made  of  the  dead  stalks.  Sorghum  and  Indian  corn  are  also  used  for 
wind-breaks. 

Globe  arti(!hokes  are  the  truck  crop  that  is  most  largely  grown  for 
export.  ^'Gros  vert  de  I^aon"  (Large  Green  of  Laon)  and  *' Violet 
pr^coce  de  Provence,"  or  '' Violet  hatif^  (Early  Violet  of  Provence), 
are  the  niost  popular  varieties  for  this  purpose.  Artichokes  are  har- 
vested throughout  the  winter,  from  October  until  April,  the  same 
plant  yielding  several  heads  in  succession.  The  average  yield  f ix)m  an 
established  field  is  about  i30,0(K)  marketable  heads  to  the  aiTe. 


The  consumption  of  potatoes  in  the  colony  beinj 
tliiftntityproduL-ed.  there  is  a  considerable  importatioi 
Yet  tlie  production  (if  etjily  jyotatoes,  especially  o 
Koval  Kidney  variety,  for  export  to  European  niarke 
phase  of  Alj^fcrian  truck  growing.  The  largest  tul> 
Kngflund,  while  the  Paris  iimrket*i  prefer  tho^e  of  n 
i»«st  prices  are  olitained  for  potatoes  marketed  diiriti 
just  before  Raster,  when  from  $2  to  $3.50  per  100 
Paris  for  Algerian  potatoes. 

Potatoes  grown  for  consumption  in  the  colony  are 
ill  .laiuiary  and  February,  and  are  set  out  a1)ont 
Yields  (if  »,INK>  to  17,ri(M»  pounds  per  acre  are  obti 
paid  in  Algerian  markets  f<ir  spring  p<itatoes  range 
|H'r  liio  pounds. 

CEBEALS. 

The  )>rincipal  cereals  of  Algeria  are  wheat.  Imrle  , 
are  giowii  only  as  winter  crops,  and  sorghmn  and 
occupy  the  land  in  summer.     Of  these,  wheat  atic 
the  most  important.      Algeria  ral.scs  most  of  the 
home  consumption,  imi>orting  only  a  relatively  snx-  I 
wheat,  used  in  liroiul  making.     The  colony  exports  I 
wheat,  barley,  and  oat-f.     The  area  each  year  in  c 
mated  at  7,n(i(t.iHMi  acres,  which  is  alx>ut  one-third 
vated  area;  lienee  much  more  land  is  in  cereals  thi:  i 
comliini^d.     The  mean  annual  production  in  the  y 
t>4,3:il,0i«>  bushels, and  the  total  value  of  theannun 
averages  ;ti5,IK)0,000. 

While  more  or  less  grain  is  produced  in  every 
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WINTER   CEREALS. 

Wheat, — The  average  area  in  wheat  during  the  ten  years  ended  in 
1898  was  over  H,0(M),O0()  acres.  Of  this  about  three-fourths  was 
owned  and  farmed  bv  natives.  The  area  in  wheats  of  the  hard  or 
durum  type,  as  compared  with  that  in  soft  wheats,  was  as  five  to 
one.  Less  than  7  per  cent  of  the  area  in  wheat  that  is  farmed  by 
natives  is  devoted  to  soft  wheats,  while  the  European  colonists  grow 
hard  and  soft  varieties  in  about  equal  proportion. 

Algeria  possesses  excellent  i*aces  of  durum  wheat,  for  which  thi.s 
pai't  of  Africa  w«as  famous  even  in  Roman  times.''  Often  seveiiLl 
varieties  are  mixed  togethei'  in  one  field,  although  the  Arabs  are 
genemllv  acute  in  distinguishing  the  difl'erent  types.  Some  of  the 
most  widely  grown  Algerian  hard  wheats  have  long,  black  l)eards. 
Some  have  short,  others  long  heads.  In  some  varieties  the  gmin  is 
short  and  thick,  in  others  it  is  long  and  narrow.  Tyi)es  in  which  the 
grain  is  clear  and  amber  colored  are  particular  I}*  valuable  for  making 
macaroni  and  semolina,  considerable  quantities  of  which  are  manu- 
factured in  the  colony.  Semolina  forms  the  basis  of  ''cousc*ous,"  the 
national  dish  of  the  Ai'abs.  Large  quantities  of  Algerian  haixl  wheats 
are  also  used  at  Marseille  in  the  manufacture  of  macaroni  and  similar 
products,  for  which  they  are  considered  nearly,  if  not  quite,  equal  to 
any  in  the  world. 

Authorities  agree  that  the  tj^pes  of  hard  wheat  already  existing  in 
the  colony  answer  all  requirements,  and  that  it  remains  only  to  prac- 
tice careful  seed  selection  in  order  to  improve  the  yield  and  to  secure 
pure  strains. 

Several  native  races  of  soft  wheats  are  also  grown,  including  Ixith 
bearded  and  l)eai'dless  types.  Soft  wheats  introduced  from  Europe 
have  not,  as  a  rule,  proved  a  success.  When  grown  near  the  coa>t 
they  often  fall  a  prey  to  rust,  and  are  also  liable  to  dry  up  without 
ripening  when  the  hot  weather  begins  in  the  spring.  Recent  experi- 
ments with  the  Richelle  varieties,  however,  have  indicated  that  this 
t3^pe  is  well  adapted  to  Algerian  conditions,  giving  gooil  yields  at 
several  points. 

Wheat,  which  is  commonly  broadcasted,  is  alwa3's  sown  in  the  fall, 
generally  in  November,  after  the  rains  have  begun.  In  very  dry  yearn 
the  soil  is  sometimes  not  in  a  condition  for  plowing  in  preparation  for 
a  croj)  of  grain  until  well  into  the  winter.  This  entails  late  sowing, 
which  often  greatly  diminishes  the  yield  obtained. 

The  harvest  takes  place  in  May  or  June,  according  to  altitude,  there 
being  about  four  weeks'  ditference  in  time  between  the  earliest  and 
the  latest  localities  in  the  colonv.     A  native  take^  from  three  to  five 


«For  descriptions  and  illustrations  of  the  varieties  of  Algerian  wheats,  see  C  S. 
Scofield,  Bulletin  No.  7,  Bureau  of  Plant  Industry,  U.  S.  Department  of  Agrioultur^, 
1902. 
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days  to  harvest  an  acre  of  wheat  with  a  .sickle,  the  ii 

still  used  in  the  ^I'eater  part  of  Algeria.     Recently,  h( 

l>iiicd  reaper  and  binder  has  (*oine  into  use  in  some  pla 

H4  done  as  soon  as  possible  after  the  harvest  and  in  ! 

s^sty.     The  sheaves  are  spread  out  on  a  floor  of  hardi 

iti  unsheltered  from  the  air  and  sunshine.     The}'^  are  y 

trie  circles,  with  the  heads  turned  inward.     Horses, 

times  oxen,  are  then  driven  around  on  the  floor,  again 

the  grain  is  beaten  out.     Sometimes  the  animals  are  I 

roller.     Two  men  with  three  horses  can  thus  thrash  <i 

wheat  a  day,  or  if  a  roller  is  used,  70  bushels.     About 

i>»  paid  for  thrashing  wheat.     The  modern  thrashing  j 

listed  in  a  few  localities  handle  as  much  as  750  bushel.^ 

On  the  large  estates  wheat  is  cleaned  l)y  means  of  1 1 

however,  a  method  is  used  which  haj^  been  practice* 

Mediterranean  countries — that  of  pitching  into  the  a 

grain  and  chaff,  the  wind  carrjang  away  most  of  the 

he  done  to  advantage  only  on  days  when  the  wind  i> 

straw  is  carefullv  saved  and  stacked,  to  be  used  as    i 

Ijeing  usually  protected  by  a  cov^ering  of  dried  mud    i 

straw. 

An  ingenious  contrivance  for  storing  grain  is  i 
Arabs.     A  piece  of  high  ground  having  been  selects   I 
feet  deep  and  6  to  10  feet  wide  is  dug,  with  a  nariov 
interior  is  thoroughly  dried  by  burning  in  it  strav 
then  lined  with  a  layer  of  matting  and  straw  about  6 
carefull}^  dried  grain  is  packed  closely  into  this  ce    i 
I         which  is  then  covered  with  straw,  matting,  and 
Earth  is  then  shoveled  over  the  top  to  hide  the  ^^ 
I         store.     (Jniin  can  be  kept  for  long  periods  withoi 
I         this  uni(iue  sort  of  granary.     The  Kabyles  general  I 
J         jars  for  storing  grain. 

'  The  average  yield  of  wheat  obtained  by  Europeai 

j         15  bushels  per  acre,  although  under  the  most  fa     i 
•         very  much  higher  yields  are  sometimes  had.     The  n 
f         hand,  are  well  satisfied  with  a  vield  of  8  or  i>  bushc 
Wheat  receives  irrigation  in  only  a  few  districts, 
the  large  valleys  of  western  Algeria.     A  marked  i 
the  result.     An  irrigation  in  the  earlv  autumn  at      i 
acre-inches  puts  the  land  into  good  shape  for  plowin      i 
distribution  of  rainfall  during  the  winter  regulate       i 
tion,  which  does  not  exceed  2.5  acre-inches  at  eac 

RarJey, — The  area  in  barley  avemged  during  t 
in  1893  over  3,500,000  acres,  1)3  per  cent  of  which 
tivated  b}^  natives.     Barle}'  is  even  better  adapted 
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ag^riculture,  bein^  more  drought  resistant  and  requiring  less  prepna- 
tiou  of  the  soil..  The  avei*age  }'ield  for  the  entire  colony  is  about  i5 
hasbels  per  acre,  but  European  colonists  sometimes  obtain  4i»  or.M) 
bushels.  Barley  forms  a  large  part  of  the  food  of  the  native  popida- 
tion  and  is  also  invaluable  as  forage,  being  almost  the  only  grain  that 
is  fed  to  animals.  Of  the  annual  product  of  nearh^  30,000,000  bushels, 
about  one-eighth  is  exported.  Much  of  this  goes  to  northern  France 
and  to  England,  in  which  countries  it  is  used  in  brewing.  Algerian 
barleys  are  in  high  favor  with  European  brewers,  rather  because  of 
their  cheapness  than  their  quality.  Improved  races,  like  Chevalier, 
do  not  genemlly  succeed  in  Algeria,  lieing  too  liable  to  shatter;  yet  in 
some  localities  certain  of  the  two- rowed  European  brewing  barleys 
have  given  good  3'ields.  Naked  varieties;  having  an  easily  shelled 
grain  are  those  generally  grown  by  the  natives  to  serve  as  food. 
They  are  very  early  and  yield  heavily. 

Oats, — Compared  with  wheat  and  barley,  oats  are  an  unimportant 
crop  in  Algeria.  The  average  annual  acreage  from  1S84  to  181*3  waj» 
only  114,000;  i.  e.,  less  than  4  per  cent  of  the  area  that  was  in  wheat 
and  less  than  3  per  cent  of  that  in  barley.  Oats  are  grown  almost 
exclusively  b\'  European  colonists  for  export  to  Europe.  Before  the 
French  conquest  this  cereal  was  practically  unknown  in  Algeria.  It  is 
there  considered  bv  some  authorities  to  be  more  resistant  to  drougrht 
and  to  salt  in  the  soil  than  is  either  wheat  or  barley.  It  also  retjuii-es 
less  preparation  of  the  soil  and  gives  larger  jnelds  on  newh'  <*leared 
and  poorly  prepared  land,  being  less  likely  to  be  choked  bv  weeds.  It 
can  be  sown  up  to  the  end  of  January — nuich  later  than  wheat.  The 
harvest  takes  place  a}>out  the  middle  of  May,  and  the  average  y\e\d  h 
45  to  5.5  bushels  per  acre.  Oats  are  said  to  l>e  very  susct^ptible  in 
Algeria  to  the  attacks  of  ergot  land  of  rust,  and  for  this  reason  the 
common  winter  oat  is  the  only  variety  that  can  usually  be  gi-own  at  a 
pro  tit. 

SUMMER  CEREAUS. 

Siytvjhinn, — Two  varieties  of  sorghum  are  grown,  chiefly  by  the 
natives.  These  are  white  sorghum,  the  '"bechna"  of  the  Arabs,  which 
is  much  used  l)y  the  better  chiss  of  Kabyles  as  a  substitute  for  wheat 
flour  in  making  ''couscous''  and  bread;  and  black  sorghum,  or  '^dra/' 
from  the  seeds  of  which  the  bread  of  the  {KX)rer  natives  is  made. 
Black  sorghum  is  also  fed  to  animals;  the  leaves  and  stalks  are  a 
valuable  resource  at  a  season  when  green  forage  is  sc!arce  in  Algeria. 

If  there  is  plenty  of  rain  in  April  and  May,  and  occasional  showei"s 
in  June,  a  good  crop  of  sorghum  can  be  made  without  irrigation. 
The  heavier  alluvial  soils  of  the  valley  bottoms  are  considen»d  liest 
adapted  to  this  crop,  which  is  most  grown  in  the  mountain  zone  of 
the  cx^ast  region.     Sorghum  is  sown  in  Apiil  and  ripens  in  August. 


li»  ffood  yearn  18  to  26  bu^hob  of  tjrain  are  obtain 
ir>iiriirjf  the  ten  years  ended  in  1893  the  average  arei 
TS;<Mm  at-res. 

Iiidinii  mni.—\n  the  irrigated  soils  of  the  large  va 
is  the  most  protitalile  summer  cereal,  but  without  a  g 
i  t  is  rarely  a  paying  crop.  For  this  reason,  and  becaii 
of  mamire,  comparatively  little  is  grown.  The  avera 
natives  during  the  ton  years  ended  in  1893  was  20, 
variety  known  as  '"Quarantain"  is  esteemed  for  its  t! 
j^ua"  for  its  large  yields.  Yields  of  Si'2  to  30  busli 
obtained  under  irrigation,  and  the  grain  sells  for  al«i 
Algeria  cxiKirts  an  insigniticant  (quantity  of  this  gj; 
iiiitives,  es[)eeially  in  the  Kabyle  mountain  district.'. 
of  maize  are  much  esteemed  as  food,  but  with  Kuro| 
not  in  favor  as  a  table  vegetable. 

FOBAOE    CHOPS. 

WILI>   t-OKAfiK. 

Two  sorts  of  wild  forage  are  to  be  distinguish! 
Helds  and  that  of  natural  meadows. 

FuJJow-liiiid  fiH'iuje. — After  the  removal  of  the  wii  : 
wild  plants  of  various  sort-s  including  a  great  varie 
spring  up  amid  the  stubble,  especially  when  the  ai   i 
This  wild  forage  is  generally  most  luxuriant  duri    . 
following  the  ci-op  of  grain.     If  the  land  is  then  lef 
years  in  succession  a  gradual  deterioration  of  the  v 
quality  and  in  quantity,  is  observable.     This  can  l)e    • 
measure  bv  occasional  plowing.    An  application  of 

Id     ; 
[>1 

\\     I 
1.      I 
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Two  sorts  of  natural  meadow  are  to  l>e  distinguished — sucii  a*s  octq- 
pies  land  that  is  diy  during  the  summer  and  such  as  is  moist  through- 
out the  year.  The  first  type  covers  by  far  the  greater  area.  As  in 
California  and  in  countries  where  most  of  the  rain  falls  during-  the 
winter  months,  the  herbage  is  parched  and  brown  in  summer.  With 
the  Krst  autumn  rains,  however,  a  sudden  transformation  t»kes  place. 
The  grass  turns  green  as  if  by  magic,  and  innumerable  flowering 
plants  spring  up  to  beautify  the  land. 

During  October,  November,  and  December,  in  the  coast  region. 
cattle  and  other  stock  are  turned  out  to  graze  upon  this  tender  young 
growth.  At  its  best,  5  acres  will  support  (5  hend  of  cattle.  Dur- 
ing the  latter  part  of  the  winter  and  in  the  spring  it  is  more  profit- 
able to  keep  animals  off  the  natunil  meadows,  allowing  a  hay  crop  to 
l>e  made.  The  greater  part  of  the  hay  of  the  colony  is  produced  by 
the  dry  meadowj^  of  the  coast  region.  This  is  the  hay  that  is  pur- 
chased for  the  cavalry  service  of  the  army,  and  it  is  cxporte<l  in  con- 
siderable quantity  to  France  in  years  when  the  crop  of  that  country'  is 
short. 

Artificial  treatment  of  these  natural  meadows  is  rarely  attempted, 
yet  in  many  cases  occasional  irrigations,  plowings,  and  manurings 
would  very  largely  increase  the  yields  obtained.  In  some  places  it 
might  be  advantageous  to  seed  to  wild  grasses  and  forage  plants  of 
better  quality  than  those  now  occupying  the  land.  Without  ti-cat- 
ment  of  anv  kind,  however,  natural  meadows  will  last  a  lontj  time  in 
good  soil — sometimes  twenty  years  without  serious  deterioration. 

Meadows  that  are  moist  and  green  throughout  the  3'ear  prcnluce 
more  abundant  but  coarser  forage.  A  cutting  of  ha,v  is  sonietinio 
taken  in  spring  from  such  meadows,  but  during  the  rest  of  the  j'ear 
they  are  used  as  pastures.  They  are  a  valuable  resource  in  summer, 
when  most  of  the  grass  land  is  scorched  and  dry. 

In  the  coast  region,  hay  is  cut  between  the  middle  of  April  and  the 
middle  of  Mav,  the  date  of  harvest  varving  considera))lv  in  different 
years  and  at  ditierent  altitudes.  The  scythe  is  generally  used,  a  native 
workman  receiving  from  65  to  75  cents  for  cutting  an  acre.  There 
are  some  localities,  like  the  Mitidja  Valley,  neiir  Algiei^s,  where  the 
nature  of  the  ground  permits  the  use  of  a  mowing  machine,  which 
reduces  the  cost  to  about  30  cents  an  acre.  The  average  yield  of  hay 
from  an  acre  of  natural  meadow  is  a  little  more  than  1  ton. 

In  the  drier  valleys,  like  the  Cheliff,  the  hay  can  be  gathered  inttj 
double  swaths  by  the  horserake  the  day  after  it  is  cut.  Two  or  three 
days  later  it  can  be  stacked  in  ricks.  The  rick  ordinarily  contains  from 
2  to  2i  tons,  and  is  generally  covered  over  with  a  thatch  composed  of 
the  coarse  grass  known  as  ''dyss"  (Ampelodesmos).  In  case  it  is  not 
convenient  to  place  the  rick  on  high  ground,  care  is  taken  to  surround 
it  with  a  trench  to  carry  off  the  rain  water.     One  end  of  the  rick 


Always  fiKres  the  west,  the  direction  from  which  ci 
raiiiNtorms.  Huy  is  taken  out  as  required  at  the  othe 
a.hle  seasom  2^  tons  of  hay  can  be  cut,  cured,  and  stact 
of  less  than  ^6.  Huy  is  usually  baled  at  a  cost  of  . 
I  talc  of  110  pounds.  Near  the  larger  cities  it  is  hau 
nbout  30  cents  a  mile  for  an  ordinary  wagonload. 

The  prices  paid  for  green  forage  and  for  hay  in  J 
upon  those  offered  by  the  government,  which  purcha. 
for  the  cavalry  service  of  the  army.  Various  stipulii 
to  the  quality  of  the  forage  to  be  delivered,  and  as  tl 
followed  by  most  private  buyers  it  will  be  interest: 
some  of  them.  Hay  is  rejected  if  it  consist*  of  but 
cies,  if  it  has  been  mixed  after  cutting,  and  if  itconti. 
weeds,  notably  thistles  and  plants  of  the  parsnip  I 
plants,  grasses  like  foxtail  with  sharp-pointed  bear! 
mouths  of  animals,  various  salt-loving  weeds,  and  co  i 
The  hay  must,  of  course,  be  well  cured,  perfectly  di 
free  from  dust.  A  veterinary  surgeon  is  detailed  I : 
before  it  is  purchased. 

CULTTVATKI)    FORAGK. 

The  area  which  is  adapted  to  the  eultiva,tion  o 
Algeria  in  summer  is  limited  by  the  scantiness  of  t'  i 
that  season.  Only  in  the  valleys  of  the  coast  regioi  , 
is  practiced,  can  such  crops  be  grown  on  an  import 
in  the  total  production  of  forage  in  the  colony,  culi  ■ 
a  much  less  important  part  than  wild  vegetation. 


Algeria,  thecte  metbod^  are  not  etIicacioUM  and  other  lueuns  mii-^t  lie 
taken  to  get  rid  of  the  pest.  When  the  drill  is  used,  altout  IS  pounds 
of  seed  to  the  acre  are  sown,  but  if  broadcasted,  about  '1'2  pounds. 
Ofcasionally  alfalfa  is  put  in— preferably  in  January-  or  February— 
with  oats  or  barley,  the  latter  serving  as  a  cover  crop  for  the  young 
alfiilfa;  but  this  pi'actlce  is  condemned  by  the  best  Huthoritiew,  Woll- 
keptalfalfu  meadows  hist  twelve  years  or  longer  in  Algeria. 

Alfalfa  is  generally  cut  with  a  scythe,  A  nntivc  laborer  »-an  cut  a 
little  more  than  an  acre  a  day,  and  receives  alraut  45  cent-i  an  Here  for 
the  work.  When  a  mowing  machine  is  used  the  cost  of  cutting  »n 
a<-re  is  atntut  25  cents.  In  the  oases  of  the  Sahara  a  sort  of  sickle, 
with  a  nearly  straight  ))lade  baring  a  serrated  edge,  is  u,4ed  in  cutting 
alfalfa. 

The  alfalfa  crop  is  irrigated  in  Algeria  Iwth  by  ilwxling  and  by 
the  furrow  method.  The  latter  requires  less  water,  but  gives  t!iel»t'>t 
results  only  in  rather  light  soils.  Flooding  is  the  preferable  method 
if  the  irrigating  water  is  decidedly  saline.  From  3  to  4  acre-feet  are 
put  on  at  each  irrigation. 

Under  irrigation,  with  a  watering  given  every  week  or  so  throiigh- 
mit  the  summer,  seven  or  eight  cuttings  can  be  taken,  yielding  a  total 
of  7  or  8  tons  of  hiiy  |)er  acre.  In  soils  of  the  littoral  zone  tlwt  retain 
a  fair  amount  of  natural  moit^turc  throughout  the  summer,  alfalfa  can 
sometimes  be  grown  without  irrigation.  Three  cuttings,  aggregating 
3  or  4  tons  of  hay,  besides  a  considerable  amount  of  jwsturage,  win  l»e 
obtained  under  such  conditions. 

Most  of  the  alfalfa  in  the  coast  region  of  Algeria  is  derived  from 
the  '"Lucerne  de  Pi-ovence,"  a  race  that  is  grown  in  si>utliea.stpm 
France.  This  showed  itself  from  its  tirst  introduction  to  lie  |>erf«-tly 
adapted  to  conditions  in  that  part  of  the  colony.  On  the  other  hand, 
seed  of  alfalfa  brought  from  Poitou,  in  western  France,  considerably 
north  (if  Provence,  docs  not  succeed  nearly  so  well  in  Algeria.  -A 
native  drought-resistant  strain  is  grown  without  irrigation  in  tli» 
neighborhood  of  S6tif,  in  the  eastern  part  of  the  high  plateau  region. 
This  variety  may  prove  valuable  in  parts  of  the  Western  States  where 
water  for  irrigating  is  not'available.  Turkestan  alfalfa  is  tteing  tested 
in  Algeria  and  gives  indication  of  being  well  adapted  to  the  drier 
I>arts  of  the  colony,  particularly  where  the  soils  are  somewhat  sMiine. 
A  fair  stand  has  been  obtained  near  Algiers  without  irrigation.  The 
alfalfa  that  is  grown  in  the  oases  of  the  Sahara  apjieai-s  to  he  decidedly 
resistant  to  the  presence  in  the  soil  and  irrigating  water  of  large  amounts 
of  salt.  (PI.  IV,  tig.  2.)  At  Roulba,  near  Algiei-s.  the  writers  saw 
trial  patches  of  alfalfa  grown  from  seed  obtained  from  the  I'riitod 
States,  from  Tougourt  in  the  Algerian  Sahara,  and  from  Turkestan 
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1  grown  without  irrigation.     That  from  the  Sahara 
l>etter  at  Roui'ba  than  the  American  sort.     The  lea 
f>x'oader,  and  hairier  than  those  of  the  American  pi 
Icestan  alfalfa  seemed  to  be  earlier  in  maturing  its  se 
thie  other  sorts.     Doctor  Trabut,  the  Government  E 
^«\'ill  grow  with  less  water  than  other  kinds  of  alfalfa,, 
consequently  prove  valuable  for  the  steppe  or  high 
c-entral  Algeria.     Although  the  stand  grown  from  Ti 
less  than  one  year  old  and  had  received  no  irrigation 
in  fairly  good  condition.     It  is,  however,  very  liable 
a.   rust  {Pneudopeziza  trifolla).     Doctor  Trabut  fin 
c|uently  the  case  with  plants  brought  from  extremeh 
t-he  more  humid  climate  of  the  coast  region  in  Alger 
At  Tougourt,  in  the  Algerian  Sahara,  alfalfa  is  :  i 
the  gardens,  generally  in  the  shade  of  date  palms, 
from  which  other  plants  are  excluded.     It  is  usual 
about  20  feet  long  and  6  feet  wide,  with  a  low  ridge 
or  so  wide  between  each  plat.     The  top  of  the  ridjj 
with  an  efflorescence  of  salts.     The  seed  is  sown  in  t  i 
a  foot  or  so  apart,  barley  being  generally  sown  with  t  i 
vested  the  following  spring.     Thenceforward  the  al 
and  the  stand  is  usually  allowed  to  occupy  the  gr 
It  is  then  plowed  under,  and  other  cultures — gene)  i 
tables — take  its  place.     By  this  system  the  roots  of 
probably  do  not  have  time  to  grow  down  into  th 
subsoil  which  are  saturated  with  water  from  the  al   i 
gation  given  in  these  gardens. 

Every  week  during  the  summer  one  or  two  irriga 
alfalfa,  which  is  tended  a.s  carefully  as  any  garder   i 
such  frequent  irrigation  a  great  number  of  cutting 
cially  as  the  stems  are  cut  whenever  they  reach  a  hei 
One  native  grower  stated  to  the  writers  that  he  o 
24  cuttings  during  the  year,  but  this  was  doubtle.^ 
The  stems  are  cut  off  very  close  to  the  ground  by 
iron  knife  with  serrated  edge.     They  are  tied  in  si 
inches  in  diameter,  the  ends  of  which  are  placed  i 
keep  the  alfalfa  fresh  and  attractive  looking  un^ 
sold.     In  the  market  at  Tougourt  such  a  bunch  ?■    I 
far  as  we  could  learn,  alfalfa  is  always  fed  green  ii 

«At  Yuma,  Ariz.,  during  the  la.«t  two  years,  alfalfa  froi 
Algerian  oa8et§,  and  from  Utah  was  grown  side  by  side.     No  c 
hairinesH  could  be  detected,  but  the  leaflets  of  the  Algeria      i 
broader  than  those  of  the  Turkestan  and  Utah  sorts.     The 
to  grow  faster  and  to  promise  larger  yields  than  the  others. 
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ter,  a  sufficient  supply  of  green  forage  caa  generally  be  obtained  al 
all  seasons. 

Tbe  alfalfa  grown  at  Tougoiirt  is  of  fine  quality,  suurulent.  thio 
stemmed,  almo;^t  perfectly  smooth,  and  having  large,  thin  leaver 
These  qualities  are  doubtle.ss  mainly  due  to  its  Iteing  more  or  lesi^ 
shaded  by  the  date  pulms  and  to  the  frequent  watering  it  receiver: 
for,  at  the  experiment  station  at  Koulba,  alfalfa  from  Tougourt  bad 
wiry  steins  and  was  hairier  even  than  the  American  alfalfa  grown 
beside  it. ' 

Tbe  crust  of  salt  that  often  covers  the  ditch  hanks  and  strips  of  hare 
soil  between  the  plats  of  alfalfa  is  sufficient  evidence  that  the  soil  of 
the  oases  is  very  saline.  The  water  used  in  irrigating  likewise  has  a 
high  salt  content.  Yet  there  are  reasons  for  believing  that  the  uuiount 
of  suit  to  which  the  plants  are  actually  exposed  during  germination  and 
while  still  very  young  is  not  so  great  as  would  at  first  appear  to  l)e  the 
case.  The  soil  is  light  and  loamy,  and  hence  easily  drained.  Kspccial 
attention  is  given  t«  this  matter  by  the  Arabs,  drainage  ditches  being 
dug  in  the  gardens  at  fre(|uent  intervals.  These  end  blindly,  as 
there  is  no  natural  outlet  for  them.  Nevertbeless,  they  must  have 
a  considerable  degree  of  efficiency,  for  the  alfalfa  that  is  neai-est  the 
ditches  is  always  in  decidedly  better  condition  than  that  which  is  far- 
ther away.  With  this  provi.'iion  for  drainage  and  the  very  frequent 
irrigations  given,  it  is  probable  that  a  very  considerable  amount  of 
salt  is  leached  out  of  the  uppermost  layers  of  the  readily  pcrmeahle 
soil.  The  date  palms  that  shade  the  ground  do  their  part  by  keeping 
down  evaporation  and  thus  rebirding  the  return  of  the  salts  to  the 
surface.  Finally,  tbe  oasis  soils  are  very  rich  in  gypsum  (calcium 
sulphate).  This,  as  is  well  known,  neutralizes  to  a  considerable  degree 
the  harmful  effect  of  other  salts  in  the  soil. 

At  the  small  oa^is  of  Kuda-Asli,  a  few  miles  from  Tougourt,  alfalfa 
was  found  growing  in  the  open,  unshaded  by  palms  or  other  trees. 
Examination  of  the  soil  showed  that  the  plants  were  making  a  fairly 
good  growth,  although  the  stand  was  thin,  in  the  presence  of  1,3*>  per 
cent  of  salt:*  in  the  first  foot  of  soil.  A  good  growth  otx^urred  in  the 
presence  of  0.9  per  cent  in  the  first  and  0.5  per  cent  in  the  second  foot 
Finally,  an  excellent  stand  had  l>een  obtained  in  soil  that  contained 
from  0.4  to  0.6  per  cent  of  salts  in  the  first  and  second  feet.  The 
water  used  for  irrigating  this  field  contained  460  parts  of  salt  per 
100,000.  The  soil  is  a  sandy  loam,  and  is  so  full  of  gypsum  that  at  a 
depth  of  about  2  feet  a  veritable  hai-dpan  of  this  substance  is  encoun- 
tered. The  presence  of  this  dense  stratum  would  be  expected  to 
interfere  seriously  with  drainage,  to  which  the  texture  of  the  soil  is 
otherwise  well  adapted.  Consequently,  notwithstanding  the  condi- 
tions mentioned  in  the  preceding  paragraph  as  tending  to  counteract 


to  s(»nif,  extent  the  effect  of  the  !«ait,  it  would  seem  fn  be  beyond 
<|uei«tiuii  tfaab  this  ulfHlfa  ts  a  distinctly  resistant  race,  and  is  able  to 
endure  more  salt  in  the  soil  than  tho  alfalfa  ordinarily  grown  in  the 
\J  lilted  States.  A  small  quantity  of  seed,  reiK>rted  to  have  Ireen  har- 
voMted  last  year  from  this  patch,  was  aecured  for  trial  in  this  country. 
Ili/rse hi-ann  {Vicla  faba). — The  horse  bean  is  a  form  of  the  broad 
liean,  having  more  numeious  and  smaller  jxkIs.  It  requires  deep, 
st^i'ong  soils,  containing  a  I'on.siderable  amount  of  lime.  When  grown 
Viti  a  forage  crop  it  is  sown,  sometimes  mixed  with  l)arley  or  oats  and 
soaietimes  alone,  in  rows  about  iJ  feet  ajiart.  Whoii  the  pdds  begin 
to  turn  brown  the  lieans  are  harvested,  spread  upon  the  ground  to  dry, 
&nd  then  thrashed.  The  coarse,  bla(\lc  straw,  mixed  with  other  forage, 
iM  fed  to  animals.  The  seeds  are  a  valuable  feed  for  milch  tows,  but 
discretion  nuist  be  used  in  feeding  them.  Horse  beans  yield  about  10 
tous  of  green  forage  and  2'i  to  28  bushels  of  seed  per  acre. 

Sulla  {Iledymruiit  corona riuiu).— Thin  leguminous  plant  has  Iwen 
highly  recommended  for  Algeria,  but  is  generally  found  dtflieult  to 
grow  and  uncertain  in  yield.  It  is  a  deep  rooting  plant  with  erect 
stems  2  or  3  feet  high.  In  the  green  state  it  h  said  not  to  be  relished 
by  animals;  but  if  cut  l>eforc  flowering  and  made  into  hay  or  ensilage 
it  constitutes  an  excellent  forage.  It  is,  however,  very  difficult  to 
cure  without  losing  the  leaves.  A  fuither  objection  is  that,  while 
occupying  the  land  two  yeai's,  only  one  cutting  can  he  taken.  A 
good  stund  is  nevertheless  very  productive,  the  average  yield  being, 
according  to  one  authority,  5^  tons  of  hay  to  the  acre. 

Fenugreek  {Trlyimella  Ja'aiim-t/riecriin). — This  plant  is  very  useful 

as  a  green  manure  crop,  especially  on  tobacco  land,  for  which  purjwse 

it  is  recommended  to  ha  .sown  with  horse  beans.     The  fomge  is  much 

relished  by  cattle,  but  is  said  to  give  a  disagreeable  flavor  to  Iieef .    The 

'         aromatic  seeds  are  considered  stimulating  and  fattening  when  added  to 

I         other  forage. 

lieraeem  (TrifoUinii  tr/cj-antlrunim). — licrseem  ])romises  to  be  a  valu- 

'        able  forage  crop  under  irrigation  iu  parts  of  Algeria  where  the  win- 

I         ters  are  mild.     It  is  most  likely  to  succeed  near  the  coast  and  in  the 

oases  of  the  Sahara,  esiJecially  as  a  gi'een  manuic  crop  for  oiclmrds. 

I  A  fmiuf  utanti   Viam   hr>(in   ntituinnl    nenr  Alcricrs   liv  sowintr  an   earlv  as 


in  milk,  it  IS  ordinarily  red  gi'ccn,  althougti  tbis  can  i>c  dono  witn 
perfect  safety  only  after  allowing  it  to  wilt  for  a  few  hours.  The 
mixed  hay  furnished  by  vetch  with  barloj'  or  oat-*  is  far  fiuiwrior  to 
that  of  the  natural  meat^lows.  In  seu^ons  when  the  rainfall  htL-<  I»e4>n 
plentiful,  yields  amounting  to  11  or  ;i  tony  (H-r  arre  are  ol»taiiie<l. 
The  largest  yields  are  given  by  land  that  has  pi-eviously  been  manured 
at  the  rate  of  about  1,000  cubic  feet  of  farm  manure  to  the  acre.  In 
very  wet  springs  hay  of  this  kind  is  difficult  to  cure,  the  vetch  having 
a  tendency  to  rot  and  drop  its  leaves.  This  ci-op  leaves  the  land  in 
excellent  sba[>e  to  be  put  into  gi-ain-thc  following  winter. 

The  botanical  service  of  the  Algerian  government  has  lM*n  experi- 
menting for  several  yeai-s  with  a  variety  of  leguminous  plants  that 
promise  to  be  more  or  less  useful  as  forage  and  green  manure  crops. 
For  the  latter  puipose,  especially  in  vineyards,  lupines,  horse  )M»n!(, 
fenugreek,  vetches,  i>eas,  and  lentils  are  recommended. 


In  the  coast  region,  especially  in  the  mountain  zone,  a  number  of 
trees  contribute  to  the  supply  of  forage.  The  Kal)yles,  having  little 
i-ooiu  for  field  crops,  feed  the  leaves  of  various  trees  to  their  animals. 
The  leafy  twigs  of  the  olive,  removed  in  pruning,  and  the  leaves  of 
the  elm  are  thus  utilized.  Dried  fig  I&ives  serve  in  winter  as  a  sub- 
stitute for  hay.  In  the  handsome  ash  of  his  mountains  the  Kabylc 
has  a  veiitable  overhead  meadow,  which  yields  him  a  constant  supply 
of  green  forage.  The  most  inipoi-tant  of  arboi-eal  forage  plants  i-. 
however,  the  camb, 

Caruh,  or  St.  Jo/m^s  hrad. — The  jmds  of  this  small  tree,  which 
resemble  those  of  the  American  honey  locust  in  having  their  seeds 
surrounded  by  a  sweetish  pulp,  arc  highli^  esteemed  thixnighout  tlie 
Mediterranean  region  as  food  for  cattle.  There -aie  also  improvwl 
varieties,  which  are  used  in  some  countries  as  human  footl.  The 
cai'ob  flourishes  throughout  the  coast  region  of  Algeria.  Kuro)H>an 
colonists  have  not  given  it  itmch  attention,  l>nt,  especially  in  moun- 
tainous districts,  it  is  much  valued  by  the  natives,  who  not  onjy  plant 
orchards  of  carobs,  but,  with  a  little  care,  succeed  in  obtaining  gooti 
yields  from  wild  trees.  From  Iloiigic,the  seaport  of  Kabylia,  consid- 
erable quantities  of  the  pods  are  exported  to  Kurope. 

The  best  results  are  obtained  by  top-grafting  scions  of  improved 
races  upon  seedling  trees.  The  pollen  is  borne  ujion  sefiarate  indi- 
viduals, so  that  care  must  Im  taken  to  have  male  trees  in  every  plan- 
tation. The  largest  yields  are  obtained  by  following  the  Spanish 
practice  of  grafting  a  bianch  from  a  male  tree  upon  the  base  of  the 
trunk  of  a  fruiting  individual.  The  cstablishiiient  of  a  plantation  of 
carobs  is  therefore  a  somewhat  troublesome  undertaking.     After  six 


years  the  trees,  as  a  rule,  )u?gin  to  Iwar  fairly  well 
twenty  years  tliey  are  in  full  production,  single  tr 
-soiiietinies  yielding  65(1  pounds  of  pods.  In  some  ra< 
lo  inches  long,  their  sugar  content  sometimes  rcachinj 
The  harvest  takes  place  at  tlie  beginning  of  autumn. 
to  knock  down  the  potls,  which  are  spread  out  to  di 
XVlieii  thoroughly  cured  they  are  collected  into  stacks. 
Oldened  from  time  to  time  to  prevent  fermentation, 
l>eing  cruslied  and  mixed  with  coarser  fodder  constit 
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8()  ACiKIClLTURAL   EXPLORATIONS   IN   ALGEBIA. 

The  quality  of  the  product  depends  largely  upon  the  locality.  Some 
of  the  best  Algerian  tobacco  is  gro^vn*  in  the  Kabyle  mountain  dis- 
trict, where  the  soils  seem  to  l>e  peculiarly  well  adapted  to  this  crop. 
Much  of  the  product  of  western  Algeria  is  defective  in  couibustibility^ 
Inking  grown  in  saline  land,  where  it  absorbs  considerable  salt.  Soils 
containing  more  than  1  part  per  1,000  of  sodium  chlorid  are  considered 
unsuitable  for  tobai*co.  Excessive  irrigation  also  injures  the  qiuilitj« 
although  increasing  the  yield,  of  much  of  the  tobacco  grown  in  that 
part  of  the  colony.  The  finest  tobacco  is  generally  grown  without 
irrigation.  In  the  oases  of  the  Sahara,  snuff  tobacco  is  cultivated  by 
the  natives. 

The  type  of  tcllmcco  ordinarily  grown  in  the  colony  has  a  wide,  very 
compact  flower  cluster  and  crowded  narrow  leaves.  Plants  of  this 
type  are  thought  to  suffer  less  from  wind  than  broader  leaved  forms. 
For  several  years  the  botanical  service  of  the  colony  has  l>een  carrying 
on  experiment^  in  crossing  various  high-grade  foreign  tobacc*os  with 
this  Algerian  type.  It  has  been  found  that  while  most  of  the  uncrocis^ed 
foreign  varieties  are  not  well  adapted  to  Algerian  conditions,  the 
crosses  seem  almost  as  much  at  home  as  the  Algerian  parents  and 
often  retain  the  desii'a})le  qualities  of  the  imported  variety. 

The  best  Algerian  tobacco  has  an  agreeable,  sweet  aroma,  suggest- 
ing that  of  some  Turkish  varieties.  It  is  especially'  suitable  for  cig- 
arettes and  smoking  tobacco,  very  little  being  use<i  in  the  manufacture 
of  cigars. 

FIBER  PLANTS. 

The  production  of  vegetable  fibers  on  a  commercial  scale  is  now 
limited  to  alfa  grass  and  the  dwarf  palm,  the  latter  yielding  ''vege- 
table horse  hair."  As  neither  of  these  plants  is  cultivated,  they  are 
discussed  in  this  report  under  the  head  of  ''  Forest  products.-'' 

Flax,  jute,  hemp,  sisal  hemp,  manila  hemp,  and  ramie  liave  all  been 
tried  from  time  to  time,  but  the  cultivation  of  none  of  these  til)er  plant*^ 
has  passed  the  experimental  stage.  The  scarcity  of  water  in  summer 
is  generally  the  most  serious  obstacle,  but  there  are  also  other  )>ractical 
difficulties.  The  Algerian  government  is  now  offering  a  Ijountj'  to 
growers  of  flax  and  hemp.  Cotton  growing  was  an  importmt  industiT 
during  the  American  civil  war,  but  has  since  been  aliandoned. 

PERFUME   PLANTS. 

In  the  coast  region,  particularly  in  the  littoral  zone,  the  growing  of 
plants  used  in  the  mamifacture  of  perfumery  is  one  of  the  most  impor- 
tant of  the  minor  agricultural  industries. 

The  principal  perfume  plant  of  the  colony  is  the  rose  geranium. 
It  is  propagated  b}'^  cuttings,  which  are  set  out  in  December  or  Janu- 
ary. Plantations,  once  established,  continue  to  yield  profitable  crops 
for  from  four  to  eight  years,  those  in  heavier  soils  being  the  more  last- 
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ing.  Under  irrigation  three  crops  can  be  obtained  each  year,  and  the 
average  total  yield  from  an  acre  i.s  said  to  be  about  12  tons  of  leaves 
annually.  The  oil  produced  in  one  year  by  an  acre  of  rose  geranium 
is  estimated  to  average  about  25  pounds,  but  in  rare  cases  is  as  high  as 
50  pounds.  Some  Algerian  distilleries  have  an  annual  output  of  2 
tons  of  oil  of  geranium.  In  recent  years  the  fall  in  price  of  this  per- 
fume has  caused  the  acreage  in  rose  geranium  to  be  greatlj'  reduced. 
Among  plants  grown  for  the  perfume  obtained  from  their  flowers 
are  Acdcia  farnesiana  and  the  bitter  orange  (bigarade).  The  latter 
yields  orange-flower  water  and  '^Essence  de  N^roli."  The  leaves  of 
Kucalyptus  globulus  are  also  used  to  some  extent  in  making  perfumery. 

LIVE  STOCK. 

The  live-stock  industry  is  very  largely  in  the  hands  of  the  Araj^s. 
They  raise  practically  all  the  sheep,  goats,  camels,  horses,  and  donkeys, 
and  much  the  greater  number  of  the  cattle  of  Algeria.  The  colonists 
usually  buy  from  the  natives  the  beef  cattle  which  they  fatten,  and 
also  their  work  animals.  The  natural  forage  of  the  country  is,  as  has 
been  previously  stated,  the  principal  resource  of  the  raiser  of  live 
stock,  cultivated  forage  plants  playing  an  important  part  only  in  irri- 
gated districts  of  the  coast  region.  There  the  business  of  fattening 
cattle  that  have  been  raised  on  the  wild  forage  of  the  hillsides  and 
steppes  has  attained  some  impoi1;ance. 

The  high  plateau  region,  like  many  districts  in  the  western  part  of 
the  United  States,  is  for  the  most  part  a  '^ range,"  where  animals  are 
driven  from  place  to  place  and  pastured  upon  the  natural  herbage. 
Sheep  and  goats  in  vast  numbers — about  three-fifths  of  the  total  num- 
ber in  the  colony — graze  on  the  elevated  plains.  Cattle,  however,  are 
few.  The  flocks  are  the  property  of  nomadic  Arabs,  Europeans  hav- 
ing taken  no  part  in  the  pastoral  system  of  the  steppe  region,  except 
in  so  far  as  to  purchase  the  product.  The  conditions  as  to  climate  and 
food  supplv  are  often  severe.  In  summer  the  herbage,  except  in  moist 
depressions,  is  parched  and  brown,  and  water  is  very  scarce,  while  the 
winters  are  rigorous.  As  yet,  little  has  been  done  in  the  way  of  pro- 
viding shelter  and  artificial  sources  of  water  for  animals  pastured  on 
the  high  plateau. 

Sheep  and  goats  furnish  the  inhabitants  of  the  high  plateau  region 
with  almost  everything  they  use,  affording  skins  for  their  tents  and 
vessels  for  holding  water,  wool  and  leather  for  their  clothing,  and  meat 
and  milk  for  their  food.  Goats  are  raised  chiefly  to  supply  the  neces- 
sities of  the  natives,  although  their  skins  are  exported  in  considerable 
quantity.  Sheep^  on  the  other  hand,  furnish  a  very  important  export 
trade  in  meat,  hides,  and  wool.  It  is  estimated  that  between  0  and 
10  million  sheep  and  3i  million  goats  are  annually  pastured  upon  the 
elevated  plains  of  Algeria. 


88  AGRICULTURAI.   EXPLORATIONS   IN    ALGERIA. 

CATTLE. 

The  greater  number  of  the  cattle  raised  in  Algeria  belong  to  a  well- 
marked  North  African  type — perhaps  a  subtype  of  the  Spanish  cattle— 
of  which  various  mces  are  distinguished.  The  best  defined  of  thej^e 
are  the  Guelma  and  the  Moroc<?an  races.  They  are  rather  small  in 
size  and  of  good  shape,  with  rather  long  body,  full  flanks,  large,  well- 
formed  chest,  rather  small  belly,  and  erect,  curved  horns.  In  color 
they  are  usually  dark,  having  black  head  and  legs  and  dark  gray. 
fawn-colored,  or  red  back  and  flanks.  The}^  are  hardy  animals,  habit- 
uated to  the  severe  conditions  under  which  they  ordinarily  live. 
Owing  to  the  small  amount  of  food  obtainable  during  the  long,  dry 
summer  they  are  small  and  slow  in  maturing,  requiring  usually  six 
years  to  reach  full  development.  In  spring,  when  the  natural  pastur- 
age^ is  abundant,  and  at  other  seasons,  if  supplied  with  culti\'ated 
forage,  they  fatten  rapidly.  If  given  plenty  of  gi-een  forage  and  a 
small  amount  of  grain,  a  steer  can  usually  put  on  400  pounds  of  meat 
without  difficulty.  When  well  treated,  Algerian  cattle  make  excellent 
work  animals,  but  the  cows  are  generally  poor  milkers. 

Cattle  are  purchased  from  the  Arabs  for  fattening,  usually'  in  the 
late  summer  or  earl}'  autumn,  and  at  a  price  of  $9  to  $13  per  head. 
They  are  pastured  during  late  autumn  and  winter  on  uncleared  land  or 
fallow  grain  tields.  At  the  beginning  of  spring  they  are  usually  very 
thin,  but  fatten  rapidly  from  that  time  on.  After  three  months  of 
spring  pasturage  they  often  weigh  enough  to  be  sent  to  the  butcher. 
A  large  number  go  to  the  markets  of  the  colony,  but  there  is  also  a 
considerable  export  of  live  cattle.  At  Marseille,  Algerian  cattle  sell 
on  the  hoof  at  the  rate  of  $9.50  to  $10.50  per  IW  pounds.  At  this 
price  there  is  a  good  profit  in  cattle  fattened  in  the  pasture,  but  not 
when  fattened  in  the  stable. 

Impioved  European  races  of  cattle  are  not  generally  adapted  to  the 
trying  climatic  conditions  of  Algeria;  nor  can  they,  like  the  native 
cattle,  endure  well  the  periods  of  scanty  food  supply  that  these  condi- 
tions impose.  Only  in  the  restricted  areas,  where  irrigation  allows  of 
the  constant  production  of  forage  of  good  qualit}-,  is  anything  to  be 
expected  from  the  introduction  of  foreign  breeds.  In  such  localities 
crossing  high-bred  races  with  the  hardy  Algerian  cattle  may  prove 
advantageous  in  increasing  the  milk  and  beef  producing  capabilities 
of  the  latter. 

H0BSE8. 

It  is  estimated  that  there  are  210,000  horses  in  Algeria,  four-fifths 
of  which  are  the  property  of  natives.  Algerian  horses  belong  to  the 
African  type,  with  an  admixture  of  Arabian  blood.  In  its  most 
typical  form  the  horee  of  Algeria  is  rather  small  and  light,  but  is  very 
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liardy  and  capable  of  much  work.     The  Arabs  generally  use  horses  to 
di-aw  their  plows. 

The  eastern  part  of  the  high  plateau  region  is  the  center  of  horae 
breeding  in  Algeria.  T)ie  Arabs  of  the  Sahara  obtain  almost  all  their 
horses  fi-om  that  district.  The  industry  of  itiising  horses  is,  however, 
on  the  decline,  the  prices  })rought  by  good  animals  having  fallen  100 
[3or  cent  or  more  in  the  past  ten  or  fifteen  years.  A  mare  of  good 
pedigree  and  known  for  the  excellence  of  her  progeny  can  now  be 
bought  for  about  $150.  The  increasing  popularity  of  the  mule  as  a 
work  animal,  both  among  natives  and  Europeans,  is  partly  responsible 
for  this  state  of  affairs. 

DONKEYS. 

There  are  some  275,000  donkeys  in  Algeria,  almost  all  of  which 
are  the  property  of  natives.  In  the  coast  region  they  have  largely 
replaced  the  camel  as  a  beast  of  burden,  although  the  latter  still 
retains  its  usefulness  in  the  high  plateau  and  desert  regions.  Wher- 
ever the  use  of  wagons  for  transportation  is  precluded  })y  the  lack  of 
good  roads  the  donkey  is  employed. 

MTJLES. 

Of  the  150,000  nudes  that  existed  in  Algeria  in  11)00,  less  than  one- 
fifth  belonged  to  Europeans.  The  high  plateau  region,  around  Setif 
and  Constantine,  produces  the  best  mules  of  the  colony.  Mules  are 
used  by  European  farmers  to  draw  their  wagons  and  plows,  and  by 
the  natives  for  riding  and  for  carrying  loads.  A  hardier  and  more 
robust  animal  is  obtained  if  the  donkey  parent  is  of  Algerian  rather 
than  of  European  origin. 

GAMEIiS. 

It  is  the  one-humped  Arabian  camel,  or  dromedary,  that  is  common 
in  Algeria.  The  Mehari  race  of  the  dromedary  is  especially  adapted 
to  travel  in  the  Sahara,  making,  without  difficulty,  marches  of  70 
miles  a  day  for  several  successive  days.  Camels  are,  of  course,  well 
known  for  their  endurance,  getting  along  for  considerable  periods 
without  food  or  water.  They  can  carry  for  long  distances  loads 
weighing  300  pounds  and  more.  Camels  are  raised  and  are  used  only 
by  the  Arabs.  A  good  animal  will  sometimes  bring  i>()0.  In  agricul- 
tural work  the  camel  is  of  practically  no  imj)ortance,  except  as  a  means 
of  transportation. 

SHEEP. 

In  is  estimated  that  in  ordinary  years  the  flocks  of  the  colonv  repre- 
sent a  total  value  of  $28,500,000,  which  is  almost  wholly  the  propt^rty 
of  natives. 
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Three  principal  races  of  native  sheep  are  distinguished  in  Algeria- 


the  Kabyle,  or  Berber,  which  is  peculiar  to  the  mountain  region;  the 
Barbary,a  large-tailed  race,  which  is  most  common  in  eastern  Algeria; 
and,  best  of  the  three,  the  Arab,  which  is  rapidly  supplanting  the 
others.  The  Arab  race  is  that  which  is  usually  found  in  the  large  val- 
leys and  plains  of  the  coast  region  and  also  in  the  high  plateau  region. 
The  small,  slender  tail  is  a  distinguishing  mark  of  this  race.  The  head 
is  sometimes  brown  or  black  and  sometimes  white,  the  white-headed 
type  being  the  finest  of  Algerian  sheep.  The  short,  dense,  more  or 
less  curly,  rather  fine  fleece  of  the  Arab  sheep  is  in  marked  contnLst  to 
the  long,  straight,  coarse  wool,  resembling  goat  hair,  with  which  the 
Kabyle  sheep  is  covered.  The  best  quality  of  wool  is  produced  in  the 
larger  valleys  of  the  coast  region. 

The  colonists  formerly  purchased  from  the  natives  nearly'  all  the 
sheep  they  fattened.  There  is  a  growing  tendency,  however,  to  raise 
sheep  on  the  farms  of  the  coast  region.  Sheep  that  are  bred  where 
they  are  fattened  are  found  to  give  when  only  14  months  old  from  6i 
to  9  pounds  more  meat  than  2i-year-old  sheep  that  have  been  pur- 
chased from  native  shepherds. 

The  white-headed  Arab  type  of  Algerian  sheep  shows  an  approach 
to  the  Merino.  Crossing  with  the  latter  I'ace  is  found  to  give  a  supe- 
rior animal,  which  produces  not  only  more  meat,  but  wool  that  is  bet- 
ter in  quality  and  about  50  per  cent  greater  in  quantity.  Careful 
selection  among  the  mixed  native  races  can  also  be  counted  upon  to 
enhance  greatly  the  value  of  the  meat  and  wool  produced  b3'  Algerian 
flocks. 

G0AT8. 

The  natives  usually  pasture  goats  together  with  sheep  and  cattle? 
but  this  is  from  every  point  of  view  a  bad  practice.  Except  for  their 
large  milk  production,  goats  are  not  held  in  iiuich  esteem  among  the 
European  colonists.  To  the  natives,  however,  their  skins,  hair,  and 
meat  are  invaluable.  The  fact  that  they  can  pick  up  a  living  in  places 
where  cattle  or  even  sheep  can  not  obtain  suflicient  food  is  a  strong  point 
in  their  favor.  Two  races  occur  in  Algeria — the  Kabyle  goat,  with 
long  hair  and  horns,  and  the  hornless  Arab  race,  which  gives  more 
milk. 

FOaESTRT. 

GENERAL  GONDrnONS. 

According  to  official  estimates  there  are  alK)ut  8,000,000  acres  of 
forest  land  in  Algeria,  of  which  about  60  per  cent  belongs  to  the  coast 
region,  or  Tell.  The  term  "forest  land"  is  used,  however,  in  its 
widest  sense,  land  bearing  a  shrubby  growth  of  lentisk,  dwarf  oak, 
olive,  myrtle,  dwarf  palm,  etc.,  such  as  occupies  vast  expan.ses  in  the 
coast  region,  being  included.     The  steppes  of  the  high  plateau  region, 
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hich  are  covered  with  coarse  gmsses  and  herbs,  po 

the  strict  sense  of  the  word.     Only  here  and  then 

straggling  shrubs  and  small  trees  of  betoom  {Pistacic 

juniper  are  found.     Yet  considerable  areas  of  this 

c-ially  designated  as  ''forest."     In  the  desert  regi< 

highest  mountains,  nothing  resembling  a  forest  o 

vej^etation  being  limited  to  scattered  shrubs  and  cot 

an  ephemeral  growth  of  small  herbs  that  spring  u 

<|uent  showers.     The  true  natural  forest  is  confined 

the  mountains,  especially  those  of  the  coast  region  fi 

part  of  the  high  plateau. 

The  forests  of  the  colony  are  of  various  types,  whii 
acteristics  not  only  to  natural  conditions  of  climati 
also  to  the  direct  or  indirect  agency  of  man.     In  mti 
scattered  old  trees  remain,  the  intervening  spaces  1: 
brush  or  by  a  carpet  of  grass.     Sometimes  there  is  i 
lion  except  an  occasional  tree,  and  in  such  land  sa. 
place.     This  condition  has  probably  been  brought  8 1 
p>art  by  reckless  exploitation  or  by  fires  which  are 
the   natives  in  order  to  provide  their  flocks  with  1 1 
IHVsturage  that  springs  up  afterwards.     The  admisj  i 
I  hn  public  forest  reserves  is  frequently  a  cause  of  tl:  i 
!      aiu-e  of  the  young  trees,  especially  when  goats  ar 
them.     On  the  other  hand,  particular!}^  at  high  elevf  : 
tains,  there  are  dense  forests  where  the  trees  rep 
freel}^;  but  this  type  is  the  exception  rather  than  th  i 
The  forests  also  diflFer  in  the  diversity  of  speciei 
i      Sometimes  large  areas,  especially  at  the  higher  el 
I      pied  almost  solely  by  a  single  species.     Sometim  • 
of  tree  predominates,  others  are  present  in  small  i 
often  several  species  are  mingled  together  in  nearli 
forests  of  this  type  being  most  frequent  in  the  littc  i 
The  composition  of  Algerian  forests  as  to  spe  i 
climatic  and   soil  conditions,  and    upon  the   altit   i 
zones,  eatih  charactei'ized  by  some  one  predomina   I 
each  other  at  different  elevations  in  the  mountain 
up  to  about  2,500  feet,  cork  oak,  olive,  and  Alepp 
cipal  elements,  the  last  being  the  most  widel}'  dist 
colon3\     Here  the  forest  is  most  apt   to  be  mix 
growth,  made  up  of  various  species  characterisi 
^'maquis"  of  the  Mediterranean  region. 

From  2,500  to  4,000  feet,  Querciis  hallota^  a  kin 
predominates.  The  sweet  acorns  of  this  tree  arr 
the  Kabyles,  who  make  a  practice  of  selecting  a 
individual  trees  as  bear  the  best  nuts. 


Between  3,500  and  6,000  feet,  the  handaonie  Zeo  oak  (Querru* 
lunUanlca  var.)  forms  heavy  forests  of  good-wized  trees,  usuallv  5(i  to 
70  foet  high.      In  one  locality  Zen  oak  (covers  an  area  of   10  Kk**) 

Finally,  at  elevations  of  4,0(i0  to  6,000  feet,  occur  nia^niHcent  for- 
ests of  Atla.i  cedar,  a  short-leaved  vai'iety  of  the  cedar  of  Letmuon. 
The  total  area  occupied  by  this  tree  approximates  9o,0(X'  acres.  It 
ll^illall,^'  forms  an  open  forest,  the  trees  being  separated  liy  expaiMM 
of  gi-ai^s  land  and  low  brush.     Unfortunatelj',  thi^  superb  tree  sfao^ 
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h>een    possible  to  prevent  grazing  during  longer  or  shorter  periods, 
considerable  reforestation  has  taken  place. 

r'orest  land  belonging  to  the  government,  particularly  such  as  })ears 
a  g-rowth  of  cgrk  oak  or  of  alfa,  is  often  leased  for  a  nominal  rental  to 
companies  or  to  individuals  who  exploit  these  products.  Some  of 
the  most  valuable  forested  areas  are  the  private  property  either  of 
Kuropeans  or  of  natives. 

FOREST  PRODUCTS. 

Following  the  loose  application  of  the  term  "forest"  that  prevails 
in  Algeria,  there  will  be  discussed  under  this  head  coumiercial  products 
that  are  furnished  not  only  by  trees,  but  also  by  the  gmss  known  as  alfa, 
and  by  the  dwarf  palm.  As  a  justiHcation  for  this  arrangement,  it 
should  be  stated  that  both  of  these  plants  occupy  extensive  areas  which 
are  officially  designated  as  forest  land,  and  that  neither  of  them  is  ever 
cultivated. 

FXTEL. 

Most  of  the  trees — and  many  of  the  shrubs — native  in  Algeria 
supply  the  inhabitants  with  firewood  and  with  charcoal,  which,  as  in 
all  Mediterranean  countries,  is  much  used  for  fuel.  The  expense  of 
clearing  land  is  often  partly  met  by  the  sale  of  the  firewood  and 
charcoal  obtained  in  the  process.  In  some  of  the  large  valleys  of  the 
coast  region,  where  there  is  little  natural  tree  growth,  plantations  of 
eucalyptus  arc  useful  as  a  source  of  fuel. 

TIMBER. 

Most  of  the  wood  for  construction  used  in  Algeria  is  imported  from 
northern  FJurope  and  from  Austria,  the  natural  resources  of  the  colony 
in  this  respect  having  been  little  developed.  rro})ably  this  is  partly 
due  to  the  scarcity  of  water  and  the  conse(|uent  absence  of  large  perennial 
streams,  which  render  difficult  and  expensive  the  transportation  of 
logs  from  the  mountains.  Artificial  plantations  have  been  of  little 
value  as  a  source  of  building  timber,  eucalyptus  wood  particulaily 
being  deficient  in  durability. 

Some  of  the  native  timber  trees  promise  well,  and  may  some  day 
come  into  extensive  use.  Live  oak  {Quercus  hallota)  and  Zen  oak  {Q. 
luMtani€a){\XYm^\\9LW  exceedingly  hardwood  that  is  somewhat  difficult 
to  work.  Wood  of  the  Zen  oak  is  particularly  valuable  for  making 
brandy  casks.  The  extremely  durable  wood  of  the  Atlas  cedar  is 
excellent  for  railway  ties,  and  is  sometimes  used  in  cabinetmaking, 
its  pleasant  odor  enhancing  its  value  for  the  latter  purpose.  Long 
immersion  in  water  renders  it  almost  indestructible.  Arbor  vita*  has 
a  beautifully  colored  wood,  variegated  with  numerous  knots,  and  is 
highly  esteemed  by  cabinetmakers. 
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GOBS. 

The  total  area  occupied  by  the  cork  oak  in  Algeria  is  estimated  at 
1,025,0(X)  acres,  of  which  726,000  acres  are  l>eing  exploited  at  the 
present  time.  About  60  per  cent  of  the  entire  area  "belongs  to  the 
public  domain.  The  total  production  of  cork  in  1899  amounted  to 
15,900  tons.  It  is  estimated  that  if  all  the  cork  oak  of  the  colony 
were  in  a  productive  state  an  annual  revenue  of  from  $2,000,000  to 
$4,000,000  could  be  derived  from  this  source. 

The  cork  oak  ranges  from  sea  level  up  to  about  4,500  feet,  the  largest 
forests  being  found  in  the  mountains  of  the  coast  region  in  north- 
eastern Algeria,  the  western  part  of  the  colony  being  generalh'  too  dry 
for  this  tree.  It  avoids  limestone,  attaining  its  highest  development 
on  soils  derived  from  the  Numidian  sandstone,  where  these  soils  are 
underlain  by  a  subsoil  heavy  enough  to  retain  considei-able  wat«r. 

The  tree  is  usually  of  medium  height  and  size,  but  its  trunk  some- 
times reaches  a  circumference  of  more  than  30  feet.  The  largest 
individuals  are  invariably  hollow.  The  crooked  trunk  and  irregular 
branching  give  this  tree  an  unkempt,  straggling  appeai*ance.  The 
evergreen  foliage  resembles  that  of  the  live  oak  of  the  Southern 
States.  The  wood  is  of  little  value,  the  important  products  of  this 
tree  being  cork  and  tan  bark. 

Well-managed  forests  of  cork  oak  are  kept  free  from  undergrowth, 
thus  diminishing  the  likelihood  of  loss  from  fire,  to  which  they  are 
peculiarly  liable.  The  danger  is  greatest  in  September,  when  the 
sirocco  is  blowing.  Fires  are  often  wantonly  kindled  in  the  oak'  for- 
ests by  malcontent  natives  and  spread  with  terrible  rapidity-,  fre- 
quently devastating  vast  areas.  Only  natural  forests  are  exploited  in 
Algeria,  no  attempt  ever  having  been  made  to  establish  artiAcial 
plantations. 

In  bringing  a  forest  of  cork  oak  into  condition  for  exploitation  the 
tirst  step  is  to  remove  the  la3'er  of  old  or  ^*male''  cork  which  forms 
under  natural  conditions.  This  operation,  which  requii-es  considerable 
skill,  is  performed  in  the  spring  when  the  sap  is  beginning  to  rise. 
The  subsequent  yield  depends  largely  upon  the  way  in  which  this  work 
of  ''demasclage"  is  done.  It  is  advisable  to  put  back  into  place  the 
layer  thus  removed,  fastening  it  around  the  trunk  by  means  of  wire 
and  leaving  it  there  for  about  two  years;  otherwise  the  ti^ees  are 
very  liable  to  injury  from  dr\%  hot  winds  and  from  fire.  Wrapping 
the  trees  in  this  way  also  prevents  a  second  development  of  the  worth- 
less male  cork. 

The  new  cork  which  now  begins  to  form  is  alone  of  commercial 
value.  It  is  deposited  at  the  rate  of  from  0.04  to  0.12  inch  annually, 
and  the  first  harvest  is  taken  when  the  layer  of  cork  has  reached  a 
thickness  of  about  1  inch.     Thereafter  the  cork  is  removed  every 


ght  or  ten  years,  the  later  crops  yielding^  h  tetter 
irlier  ones.     The  expense  of  each  harvest  from  a  si 

cents. 

Individual  trees  differ  greatly  in  the  rate  at  whieh 
n  a  rule,  the  best  product  is  that  which  develops  m 
lly  gvowinff  cork  is  uiore  abundantlj'  veined  with  h 
imininhes  itw  value.  The  cork  is  sometimes  seriou 
:ee  by  the  ravages  of  ants,  which  huild  galleries  in 
Iso  other  insect  enemies.  • 

The  cork,  when  cut,  rolls  up  into  tuliesof  the  size 
'hich  it  was  taken.     It  is  first  pressed  out  into  si 

r finally  the  crust  of  bark  is  removed  by  scraping. 
bulk  by  about  one-tifth  and  renders  the  cork  mt 
An  acre  of  cork  oak  in  full  production  yields  a  ncl 
al>out  #2,     The  product  from  a  single  tree  is  worth 
a  year  after  all  expenses  are  deducted.     Algerian  c( 
to  10  cents  per  pound. 

TAN  BABS. 

The  forests  of  Algeria  furni.-*li  a  large  amount  of 
The  annual  export  of  tan  bark,  chiefly  to  (Ireat 
amounts  to  about  $21X1,0(10.  A  considerable  quanti 
in  the  colony  itself,  the  manufacture  of  leather  b 
industry  among  the  natives. 

Most  of  this  bark  is  furnished  by  sevei-al  species 
mes  oak  {QaercHK  aK-f/fi-rii)  ninks  tii'st  in  product! 
root  >>eing  used.  The  forests  of  cork  oak,  cspeciallj 
natives,  also  furnish  a  large  quantity.  The  collec 
generally  done  in  such  a  way  as  to  kill  the  tree, 
precautions  were  obscrvwl  the  forests  couid  Iks  ex' 
without  diminishing  their  nroductinn  of  cork.     Tl 
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colonists-  signifies,  however,  only  the  species  known  in  Spain  as 
'^  esparto"  {StljHi  ttnaciHshna),  The  tough,  fibrous  leaves  of  this  grass 
are  used  in  manufacturing  paper,  basket  ware,  hats,  cordage,  etc.  It 
is  a  long-lived  plant,  having  strong,  much  branched  rootstocks,  which 
give  it  a  good  hold  upon  the  soil.  The  young  plant  forms  a  deuse 
tuft,  which  later  takes  the  form  of  a  hollow  circle,  as  the  stems  in  the 
center  die  out.  This  in  turn  becomes  broken  up  into  separate  tufts, 
each  of  which  is  the  starting  point  of  a  new  circle.  The  leaves  are 
like  those  of  many  other  so-called  *' steppe''  grasses,  being  flat  and 
green  during  the  rainy  period,  but  turning  ^-ellowish  white  and  rolling 
up  into  quills  when  the  dry  season  sets  in.  They  average  from  20  to 
3()  inches  in  length,  and  end  in  long,  sharp  points.  The  leaves  last 
about  two  years.  The  older  ones  are  often  infested  with  fungi,  which 
usually  attiick  first  the  point  of  the  leaf. 

Alfa  grass  covei's  large  areas  in  Spain  and  in  northern  Africa.  In 
Algeria  it  is  most  characteristic  of  the  high  plateau  region,  where  it 
often  occupies,  almost  alone,  enormous  expanses  of  the  undulating 
plains,  forming  the  so-called  ^'sea  of  alfa."  It  is  not,  however,  con- 
fined to  the  high  plateau,  and  even  reaches  the  seashore  in  extreme 
western  Algeria.  It  ascends  in  the  mountains  to  a  maximum  eleva- 
tion of  6,000  feet.  Where  the  average  annual  rainfall  exceeds  2<» 
inches  a  ^-ear  alfa  does  not  flourish.  It  prefers  a  dry,  sandy  soil,  anJ 
will  not  endure  the  presence  of  any  considerable  amount  of  salt.  In 
moist  depressions,  where  the  soil  is  claye\',  other  species  take  it^  place. 

It  is  difficult  to  obtain  an  accurate  estimate  of  the  total  area  occupied 
in  Algeria  by  this  grass.  Some  authorities  give  12,500,000  acres  in 
the  high  plateau  region  alone,  but  this  is  doubtless  an  exaggeration. 
The  alfa  land  of  the  colony  belongs  partly  to  the  government  and 
partly  to  individuals  or  private  companies.  The  government  concedes 
the  right  of  exploitation  for  the  modest  sum  of  about  1  cent  per  acre. 
The  holders  of  concessions,  in  their  turn,  usually  sublet  their  rights  to 
a  contractor. 

A  stand  of  alfa  in  its  natural  condition  is  less  valuable  than  one 
from  which  the  leaves  are  regularly  harvested.  In  the  former  case 
there  are  many  more  or  less  worthless  old  leaves  mixed  with  the 
young  leaves.  When  the  exploitation  of  a  stand  is  begun  it  is  cus- 
tomary to  burn  it  over  so  as  to  destroy  the  coarse  old  leaves.  There- 
after, if  the  crop  is  harvested  every  season,  only  small,  fine  leaves, 
much  stronger  and 'more  uniform  in  length  than  the  older  ones,  are 
obtained.  By  tiring  a  tract  repeatedly  for  several  successive  years 
"white  alfa,"  with  extremely  fine,  flexible,  light-colored  leaves,  is 
produced.  Long-continued  exploitation  of  a  stand,  without  allowing 
it  any  rest,  greatly  weakens  the  plants.  In  fact,  alfa  has  in  this  way 
been  virtually  exterminated  in  some  of  the  more  accessible  areas. 
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As  attempts  to  form  artificial  plantations  of  alfa  have  not  so  far 
proved  successful,  there  is  danger  of  the  total  annihilation  of  this  indus- 
tr3%  which,  after  stock  raising,  is  the  mainstay  of  the  population  of 
the  high  plateau  region.  To  prevent  this  consummation,  a  closed 
season  of  four  months  has  been  established  bv  law.  Alfa  can  not  be 
legally  harvested  or  purchased  from  gatherers  in  the  high  plateau 
region  during  the  months  of  March,  April,  May,  and  June.  In  the 
coast  region  the  closed  season  extends  from  the  middle  of  January  to 
the  middle  of  May. 

The  contractor  who  undertakes  to  harvest  alfa  puts  up  a  barn  on 
the  tract  and  secures  Spanish  or  Arab  laborers,  whom  he  provides 
with  food  and  water,  to  gather  the  leaves.  Alfa  harvesters  sometimes 
come  long  distances  with  their  families,  attracted  })y  the  high  prices 
paid  for  this  work.  A  good  laborer  can  gather,  in  a  day,  t)5i)  to  \H)0 
pounds  of  green  leaves,  for  which  he  is  paid  now^adays  at  the  rate  of 
about  18  cents  per  100  pounds. 

The  gathering  of  alfa  is  still  done  exactly  as  classical  w^riters  described 
the  process  in  the  times  of  the  Romans.  The  harvester  starts  out  earlv 
in  the  morning  and  selects  a  spot  where  there  is  plenty  of  the  grass. 
Fastened  to  his  left  hand  by  a  leather  thong  is  a  stick  about  16  inches 
long.  With  his  right  hand  he  seizes  a  cluster  of  the  tough  leaves," 
rolls  them  obliquely  around  the  stick,  and  gives  a  strong  pull  with  both 
hands.  This  breaks  off  most  of  the  blades  at  the  point  where  they  join 
the  sheaths,  although  some  of  the  sheaths  generally  come  up  with  the 
blades  and  must  })e  broken  off  by  a  second  pull.  The  leaves  are  packed 
as  fast  as  they  are  gathered  into  baskets,  which  are  then  carried  to  the 
barn.  The  green  alfa  sent  in  by  each  harvester  is  weighed  and  is  then 
stacked  in  ricks.  When  drv  it  is  sorted  to  remove  anv  sheaths  and 
branches  that  may  still  be  attached  to  the  leaves.  It  is  baled  under  a 
h\-draulic  press  and  the  bales  are  secured  with  hoops.  The  product  is 
then  ready  for  transportation  to  the  nearest  seaport. 

Algeria  now  exports  annually  nearly  80,000  tons  of  alfa,  which  is 
approximately  35  per  cent  of  the  entire  output  of  alfa-producing  coun- 
tries. The  total  value  of  the  export  from  Algeria  is  nearly  $1,500,000 
a  year.  England  is  the  largest  purchaser,  taking,  indeed,  nearly  UO 
per  cent  of  the  entire  world's  supply  of  alfa.  France  and  Belgium 
also  import  considerable  quantities. 

More  than  90  per  cent  of  the  total  amount  of  alfa  produced  is  used 
in  the  manufacture  of  superior  grades  of  paper.  Paper  made  from 
the  leaves  of  alfa  is  strong,  transparent,  of  a  silky  texture,  and  very 
light  in  proportion  to  its  thickness.  It  is  preferred  to  any  other  for 
printing  costly  books  and  engravings. 

The  best  grades  of  alfa,  however,  are  used  in  making  basket  ware, 
hats,  and  matting,  bringing  a  price  almost  twice  as  great  as  is  paid  for 
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that  iLsed  in  paper  manufacture.  The  tinest  havskets  are  made  from 
the  '"white  alfa."'  Rope,  brooms,  and  other  articles  are  also  manu- 
factured from  the  leaves  of  this  grass. 

DWARF  PALM. 

The  leaves  of  the  dwarf  palm  {C/taNta^rf*/^  hyxtrix)  are  much  usetl 
hy  the  Arabs  for  thatching  their  huts,  making  cnites  in  which  fruit  is 
packed,  etc.:  4)ut  the  only  product  of  this  plant  which  enters  largely 
into  commerce  is  the  fiber,  which  constitutes  al.jout  40  per  cent  of  the 
weight  of  the  fresh  leaves.  Under  the  name  of  '''vegetable  hair"  thL> 
fiber  is  exported  in  consideimble  (juantity.  It  is  used  for  .stuffing 
mattresses  and  upholstered  furniture.  A  cheap  gnide  of  n^pe,  stalling 
for  about  80  cents  pt»r  lOO  pounds,  is  also  made  from  it.  The  dwarf 
palm,  like  alfa,  is  never  cultivated,  only  the  natural  growth  lieiiijr 
exploited.  While  alfa  is  preeminenth'  a  plant  of  the  high  plateau 
the  dwarf  palm  belongs  to  the  coast  region,  where  it  formerly  covered 
vast  expanses.  Although  still  abundant,  this  plant  is  mpidly  disap- 
pearing as  more  and  more  land  is  brought  into  cultivation.  Commer- 
cial exploitation  has  helped  to  accelerate  its  destruction,  there  being 
numerous  factories  in  Algeria  for  separating  the  liber. 

o 
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—Salt  Land,  near  Relizane.  in  the  Coast  Region  o 


Fia.  2.— Vineyard  of  Wine  Grapes  in  the  Mit 
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